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FOREWORD 
Roughly 1 . 6  b i l l i o n  peop le ,  40 p e r c e n t  o f  t h e  w o r l d ' s  popu- 
l a t i o n ,  l i v e  i n  urban a r e a s  today .  A t  t h e  beg inn ing  o f  t h e  l a s t  
c e n t u r y ,  t h e  urban p o p u l a t i o n  o f  t h e  world t o t a l e d  o n l y  25 m i l -  
l i o n .  According t o  r e c e n t  Uni ted  Na t ions  e s t i m a t e s  abou t  3.1  
b i l l i o n  peop le ,  t w i c e  t o d a y ' s  urban p o p u l a t i o n ,  w i l l  be l i v i n g  
i n  u rban  a r e a s  by t h e  y ea r  2000. 
S c h o l a r s  and p o l i c y  makers o f t e n  d i s a g r e e  when it comes t o  
e v a l u a t i n g  t h e  d e s i r a b i l i t y  o f  c u r r e n t  r a p i d  r a t e s  o f  urban 
growth and u r b a n i z a t i o n  i n  many p a r t s  o f  t h e  g lobe .  Some see 
t h i s  t r e n d  a s  f o s t e r i n g  n a t i o n a l  p r o c e s s e s  o f  socioeconomic de- 
velopment,  p a r t i c u l a r l y  i n  t h e  poore r  and r a p i d l y  u r b a n i z i n g  
c o u n t r i e s  o f  t h e  Th i rd  World; whereas o t h e r s  b e l i e v e  t h e  conse-  
quences t o  be l a r g e l y  u n d e s i r a b l e  and a r g u e  t h a t  such urban 
growth shou ld  be slowed down. 
Th is  paper  d e s c r i b e s  a  g e n e r a l  e q u i l i b r i u m  model t h a t  ha s  
been c o n s t r u c t e d  t o  a n a l y z e  t h e  demoeconomic development o f  
Japan  i n  t h i s  c e n t u r y .  I n  o r d e r  t o  g a i n  deepe r  i n s i g h t s  i n t o  
t h e  p r o c e s s  o f  i n t e r s e c t o r a l  and i n t e r r e g i o n a l  l a b o r  m o b i l i t y ,  
s p e c i a l  emphasis  i s  p l a c e d  on t h e  d u a l i s t i c  n a t u r e  o f  t h e  l a b o r  
market ,  a  s a l i e n t  f e a t u r e  of J a p a n ' s  development e x p e r i e n c e  and 
o f  many contemporary d eve lop ing  economies. 
A l i s t  of  t h e  p a p e r s  i n  t h e  Popu l a t i on ,  Resources ,  and 
Growth S e r i e s  a p p e a r s  a t  t h e  end o f  t h i s  r e p o r t .  
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ABSTRACT 
The history of Japan's economic development has attracted 
much attention because of the speed with which this country 
has successfully achieved a high rate of industrialization. 
The process of this development has been aided by traditional 
elements that have played an active and important role in the 
economy for a long time, thus allowing modern-traditional dual- 
ism to persist until well after World War 11. 
After briefly reviewing the pattern of "dualistic develop- 
ment" in Japan, this paper exposits an applied general equilib- 
rium model, which has been built to analyze the various demo- 
graphic and economic forces that have shaped the path of Japan's 
growth and urbanization. The time periods under study are 1905- 
1930 and 1953-1963. 
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MODELING DUALISM I N  JAPAN 
1. INTRODUCTION 
The main p u r p o s e  o f  t h i s  paper  i s  t o  d e s c r i b e  a  g e n e r a l  e q u i -  
l i b r i u m  model t h a t  w i l l  be used f o r  a n a l y z i n g  t h e  economic growth 
and u r b a n i z a t i o n  i n  a n  economy where a  l abor -marke t  d u a l i s m  pre -  
v a i l s ,  namely, Japan  i n  a  h i s t o r i c a l  s e t t i n g .  Two t i m e  p e r i o d s  
w e r e  chosen f o r  t h e  s t u d y :  1905-1930 when economic d u a l i s m  was 
forming i n  Japan  and 1953-1963 when it was d i s s o l v i n g .  T h i s  l a b o r -  
market  d u a l i s m  c a n  be  s e e n  i n  wage and p r o d u c t i v i t y  d i f f e r e n t i a l s  
between modern and t r a d i t i o n a l  s e c t o r s .  "Modern" s e c t o r s  a r e  re- 
f e r r e d  t o  a s  t h o s e  s e c t o r s  t h a t  u s e  l a r g e l y  impor ted  (borrowed) 
t e c h n o l o g i e s  from a b r o a d  w h i l e  " t r a d i t i o n a l "  s e c t o r s  u s e  ind igenous  
t e c h n o l o g i e s  i n  u rban  a s  w e l l  a s  a g r i c u l t u r a l  a r e a s .  
I n  r e a l i t y ,  however, t h e  dichotomy i s  n o t  a s  c l e a r - c u t  a s  
s t a t e d  above.  Thus, t h e  s e c t o r  d i v i s i o n  employed i n  t h e  model 
d e s c r i b e d  i n c l u d e s  a  t h i r d  manufac tu r ing  s e c t o r ,  which c o u l d  be 
c a l l e d  a  h y b r i d  s e c t o r .  
T h i s  p r o c e s s  o f  growth i s  by n a t u r e  compl ica ted  w i t h  v a r i o u s  
f o r c e s  i n t e r a c t i n g  a t  v a r i o u s  l e v e l s .  Take, f o r  example, u r b a n i z -  
a t i o n .  Throughout t h e  p e r i o d s  be ing  s t u d i e d ,  p o p u l a t i o n  i n f l o w s  
i n t o  l a r g e  c i t i e s  c o n t i n u e d .  T h i s  was t h e  r e s u l t  o f  i n t e r a c t i o n  
between a t  l e a s t  t h r e e  l a b o r  markets :  r u r a l ,  urban t r a d i t i o n a l ,  
and urban modern. The s i t u a t i o n  of  each l a b o r  marke t ,  i n  t u r n ,  
was i n f l u e n c e d  by t e c h n o l o g i e s  and f a c t o r s  a v a i l a b l e  and o u t p u t  
demands. Through t h e s e  i n t e r a c t i o n s ,  t h e  m a j o r i t y  o f  t h e  m i g r a n t s  
e n t e r e d  t r a d i t i o n a l  u r b a n  l a b o r  marke t s ,  t h e r e b y  h e l p i n g  t o  form 
and m a i n t a i n  t h e  d u a l i s m .  But p o p u l a t i o n  i n f l o w s  i n t o  c i t i e s  
a l s o  i n c r e a s e d  t h e  p u b l i c  i n v e s t m e n t  i n  c o n s t r u c t i o n  o f  c a p i t a l  
s t o c k  ( s o c i a l  s t o c k ) .  T h i s  w a s  one o f  t h e  f a c t o r s  which k e p t  t h e  
a g g r e g a t e  demand r e l a t i v e l y  h i g h  i n  t h e  1920s and i n  t u r n ,  h e l p e d  
t h e  r e c o v e r y  o f  t h e  J a p a n e s e  economy from t h e  Depress ion  i n  t h e  
1930s. F i n a l l y ,  u r b a n i z a t i o n  d i d  change,  a l b e i t  s l o w l y ,  t h e  
tastes o f  consumers chang ing  t h e  r e l a t i v e  p r i c e s  of  v a r i o u s  com- 
m o d i t i e s .  
The model d e s c r i b e d  i n  t h i s  paper  h a s  been b u i l t  t a k i n g  i n t o  
a c c o u n t  t h e s e  major  demoeconomic f o r c e s  and t h e i r  i n t e r a c t i o n s :  
p r i v a t e  i n v e s t m e n t s ,  wage d e t e r m i n a t i o n s ,  i n t e r n a l  m i g r a t i o n ,  and 
p a t t e r n s  of  consumpt ion.  The i n t e n d e d  form o f  a n a l y s i s  i s  i n  
t h r e e  s t e p s :  
( 1 )  The v a l u e s  o f  p a r a m e t e r s  and c o e f f i c i e n t s  a r e  e s t i m a t e d  
u s i n g  c o n d i t i o n s  of  t h e  i n i t i a l  t i m e  p e r i o d ( s )  . Then a n  ex p o s t  
s i m u l a t i o n  test  i s  c a r r i e d  o u t ,  i . e . ,  to  see i f  t h e  model d u p l i -  
c a t e s  t h e  h i s t o r y  o f  J a p a n e s e  economic development  w i t h  a  comfor t -  
a b l e  d e g r e e  o f  p r e c i s i o n .  
( 2 )  Comparat ive s ta t ics  and s e n s i t i v i t y  a n a l y s e s  are c a r r i e d  
o u t  t h a t  g i v e  d i f f e r e n t  v a l u e s  t o  exogenous v a r i a b l e s  and param- 
eters  and examine t h e  r e a c t i o n  o f  t h e  model t o  t h e s e  changes .  
( 3 )  T h i s  l a s t  s t a g e  i n v o l v e s  e x p l o r a t i o n  o f  t h e  i m p a c t s  o v e r  
t i m e  o f  d i f f e r e n t  p a t t e r n s  o f  such  dynamic f e a t u r e s  a s  t e c h n i c a l  
p r o g r e s s ,  s a v i n g  and i n v e s t m e n t ,  consumers '  tastes,  and demographic 
a s p e c t s  o f  p o p u l a t i o n ,  on t h e p r o c e s s  o f  u r b a n i z a t i o n  and d u a l i s t i c  
development  i n  Japan.  
Why choose  h i s t o r i c a l  J a p a n  f o r  such  an  a n a l y s i s ?  There  is 
a v a s t  amount o f  l i t e r a t u r e  d e s c r i b i n g  J a p a n e s e  economic h i s t o r y .  
I t  i s  because  o f  t h e s e  d e t a i l e d  d e s c r i p t i v e  and s t a t i s t i c a l  works, 
which have a l r e a d y  been c a r r i e d  o u t ,  t h a t  a more h o l i s t i c  and 
s y s t e m a t i c  approach  i s  p o s s i b l e .  
The r e c e n t  development i n  t h e  f i e l d  of computable g e n e r a l  
equ i l i b r ium modeling and t h e  success  of Kel ley and Williamson 
( 1 9 7 4 )  i n  f i n d i n g  some i n t e r p r e t a t i o n s  of Japanese expe r i ences  
i n  1885 t o  1915, which a r e  d i f f e r e n t  from conven t iona l ly  accep ted  
ones,  make it more reasonable  and d e s i r a b l e  t o  pursue s i m i l a r  e f -  
f o r t s .  Kel ley and Williamson use a model t h a t h a s o n l y  two sec-  
t o r s  and does n o t  i n c l u d e  government. Also,  they s tudy  on ly  t h e  
t ime per iod  t h a t  i s  termed Phase I (Ohkawa 1980) o r  t h e  balanced 
growth phase (Nakamura 1971) and exclude t h e  pe r iod  of  urban 
d u a l i s t i c  development. This  per iod  i s  w e l l  known among develop- 
ment economists  and economic h i s t o r i a n s  a s  a s a l i e n t  f e a t u r e  of  
Japanese economic growth-and p o s s i b l y  a r e l e v a n t  f e a t u r e  f o r  con- 
temporary developing c o u n t r i e s .  The ~ e l l e y / W i l l i a m s o n  model can  
be extended t o  i n c l u d e  some of t h e s e  v a r i o u s  o t h e r  f e a t u r e s  t h a t  
could be impor tan t  t o  t h e  unders tanding of  Japanese  expe r i ences .  
Because Japan i s  t h e  on ly  non-Western count ry  t h a t  has  success -  
f u l l y  c a r r i e d  o u t  t h e  "modern economic growth" de f ined  by Kuznets 
(1966) ,  t h e  d u a l i s t i c  development i n  h i s t o r i c a l  Japan,  we b e l i e v e ,  
i s  worthy of  ano the r  s tudy  w i t h  t h i s  new approach: g e n e r a l  equi-  
l i b r ium modeling and t h e  use  of dynamic c o u n t e r f a c t u a l s .  
In  t h e  nex t  c h a p t e r  we b r i e f l y  review " d u a l i s t i c  develop- 
* 
ment." The t h i r d  c h a p t e r  d e s c r i b e s  t h e  model i n  d e t a i l  and 
chap te r  4 d i s c u s s e s t h e p o s s i b l e  ex t ens ions  and mod i f i ca t ions .  
Concluding obse rva t ions  a r e  g iven  i n  c h a p t e r  5. 
*This s e c t i o n  i s  n o t  in tended  a s  a f u l l  survey of  t h e  t o p i c .  
For more d e t a i l e d  d i s c u s s i o n  s e e  Ohkawa ( e .g . ,  1972) ,  Ohkawa and 
Rosovsky ( 1  973) , Nakamura ( 1  971 ) , Minami (1973) , and t h e  I n t e r -  
n a t i o n a l  Development Cente r  of Japan r e p o r t s  i n  t h e  r e f e r e n c e s .  
2 .  A BRIEF HISTORY OF JAPAN'S DUALISTIC DEVELOPMENT 
2.1. A Genera l  Overview 
P a s t  e x p e r i e n c e s  o f  Japan  have r e c e i v e d  c o n s i d e r a b l e  a t t e n -  
t i o n  because  o f  h e r  r a p i d  r a t e  o f  growth from t h e  second h a l f  o f  
t h e  19 th  c e n t u r y .  I t  i s  n o t  o n l y  t h a t  s h e  grew c o n t i n u o u s l y ,  
b u t  a l s o  t h a t  t h e r e  was a notewor thy t r e n d  o f  a c c e l e r a t e d  growth 
* 
d u r i n g  t h i s  p e r i o d ,  s t a r t i n g  w i t h  a moderate r a t e  o f  growth and 
g r a d u a l l y  i n c r e a s i n g .  A t  t h e  same t i m e ,  l o n g  swings ,  o r  f l u c t u a -  
t i o n s ,  i n  t h e  economic growth o c c u r r e d .  Japan  e x p e r i e n c e d  3.5 
l o n g  swings between t h e  end o f  t h e  Matsukata D e f l a t i o n  (1887) and 
t h e  1970s. Each c y c l e  was a b o u t  20 y e a r s  l o n g .  T h i s  " t r e n d  ac-  
c e l e r a t i o n "  i s  e a s i l y  obse rved  i n  Table  1 where t h e  swings are 
c o n t r o l l e d .  For example,  t h e  a v e r a g e  annua l  growth r a t e s  o f  
g r o s s  n a t i o n a l  e x p e n d i t u r e  (GNE) d u r i n g  upswing p e r i o d s  are 3.21 
p e r c e n t  (1887-97),  3.30 p e r c e n t  (1 904-19),  4.88 p e r c e n t  (1930-38) ,  
and 9.56 p e r c e n t  (1953-69).  The growth a c c e l e r a t i o n  has  a l s o  
been accompanied by s t r u c t u r a l  change i n  t h e  economy. 
Table  1. Long-term p a t t e r n  o f  a g g r e g a t e  growth r a t e s ,  w i t h  a 
c o n s t a n t  p r i c e  series: a v e r a g e  a n n u a l  growth r a t e s  
( i n  p e r c e n t )  ( U )  = upswing, ( D )  = downswing. 
T o t a l  Pe r  C a p i t a  
P e r i o d  ( l e n g t h  i n  y e a r s )  GNE P o p u l a t i o n  GNE 
Long-swing phases  
( U )  1887-1897 (10)  
( D l  1897-1904 ( 7)  
( U )  1904-1919 ( 1 5 )  
( D )  1919-1930 (11) 
( U )  1930-1938 ( 8 )  
( D l  1938-1953 (15)  
( U )  1953-1969 ( 1 6 )  
Source:  Ohkawa and S h i n o h a r a  (1979) page 10 .  
*Ohkawa and Rosovsky ( 1973) c a l l  t h i s  Iltrend a c c e l e r a t i o n 1 '  
o f  t h e  Japanese  economy. 
The s t r u c t u r a l  changes  can  be obse rved  i n  s e c t o r a l  s h i f t s  
o f  p r o d u c t i o n .  The i n d u s t r i a l  s h a r e  i n  n e t  d o m e s t i c  p r o d u c t s ,  
* 
f o r  example, i n c r e a s e d  from 20 p e r c e n t  i n  1887 t o  52 p e r c e n t  i n  
* 
1938, w h i l e  t h e  a g r i c u l t u r a l  s h a r e  d e c r e a s e d  from 42.5 p e r c e n t  
t o  18.5 p e r c e n t  d u r i n g  t h e  same p e r i o d .  With in  t h e  i n d u s t r i a l  
s e c t o r  t h e r e  was a l s o  a c o n t i n u o u s  s h i f t  f rom l i g h t  t o  heavy o r  
from t r a d i t i o n a l  t o  modern i n d u s t r i e s .  
These s h i f t s  were a  r e s u l t  o f  t h e  i n t r o d u c t i o n  ( i m p o r t a t i o n )  
o f  advanced t e c h n o l o g i e s  from abroad  i n t o  a  l a r g e l y  a g r a r i a n  and 
t r a d i t i o n a l  s o c i e t y :  t h e  f a t e  o f  a  l a t e  s t a r t e r  i n  i n d u s t r i a l -  
i z a t i o n .  I t  was, t h e r e f o r e ,  o n l y  n a t u r a l  t h a t  t h e r e  was a p e r i o d  
o f  t i m e  i n  t h e  h i s t o r y  o f  Japan  when t r a d i t i o n a l  ( i n d i g e n o u s )  
e l ements  and modern ( i m p o r t e d )  e l e m e n t s  c o e x i s t e d .  The p e r i o d  
when t h e  t r a d i t i o n a l  e l e m e n t s  p layed  a n  i m p o r t a n t ,  a l b e i t  chang- 
i n g ,  r o l e  was f a i r l y  l o n g .  They were n o t  t o  b e  e l i m i n a t e d  th rough  
c o m p e t i t i o n  immedia te ly  a f t e r  modern e l e m e n t s  w e r e  b r o u g h t  i n t o  
t h e  economy. The y e a r s  of  Japanese  economic development ,  t h e r e -  
f o r e ,  can  be  s a i d  t o  f a l l  i n t o  a  number o f  d i s t i n c t  phases  i n  
accordance  w i t h  t h e  d i f f e r e n t  roles t r a d i t i o n a l  and modern ele- 
**  
ments p layed .  Ohkawa ( e . g . ,  1980) d i v i d e s  them i n t o  f o u r  phases :  
Phase 0  1868 - 1885 
Phase I 1885 - World War I (1915-19) 
Phase I1 World War I - 1958-62 
Phase I11 1958-62 - p r e s e n t  
Phase 0  was a n  i n i t i a l  p e r i o d  where t h e  i n s t i t u t i o n a l  changes  
t h a t  w e r e  r e q u i r e d  f o r  t h e  modern economic growth took  p l a c e .  
The y e a r  o f  M e i j i  R e s t o r a t i o n  ( 1 8 6 8 ) ,  t h e  d a t e  when t h e  modern 
economic growth became t h e  n a t i o n a l  o b j e c t i v e ,  i s  c o n s i d e r e d  t h e  
f i r s t  y e a r  of  Phase  0 ,  a l t h o u g h  some modern e lements  a l r e a d y  ex- 
i s t e d  b e f o r e  t h a t  t i m e .  
Phase I was t h e  p e r i o d  when t h e  modern iza t ion  l a r g e l y  depended 
on t h e  t r a d i t i o n a l  e l e m e n t s  b o t h  i n  a g r i c u l t u r e  and n o n a g r i c u l t u r e .  
The dependency took  t h e  form o f  f i n a n c i a l  s o u r c e s  o f  growth ( t a x e s  
and s a v i n g s ) ,  f o r e i g n  exchange ( e x p o r t s ) ,  and s u p p l i e s  o f  l a b o r  
and food.  
*These a r e  t h e  c e n t e r  y e a r s  o f  f i v e - y e a r  moving a v e r a g e s .  
F i g u r e s  a r e  from Ohkawa and Sh inohara  (1979:35) .  
**The rest  o f  t h i s  s e c t i o n  i s  based on Chkawa's argument  
a t  l a r g e .  
Phase I1 was t h e  p e r i o d  when t h e  modern s e c t o r s  s t a r t e d  t o  
grow more independen t ly  from t h e  t r a d i t i o n a l  s e c t o r s  t h a n  be fo r e .  
The s t r o n g  dependency o f  t h e  modern s e c t o r s  on t h e  t r a d i t i o n a l  
s e c t o r s  a s  t h e  s o u r c e  o f  l a b o r  supp ly ,  however, con t i nued .  Th i s  
p e r i o d  s t a r t e d  w i t h  t h e  f i r s t  inves tment  s p u r t  i n  t h e  modern sec- 
t o r s  and saw a  f l u c t u a t i n g  b u t  con t i nuous  growth o f  modern ele- 
ments ,  w h i l e  t h e  growth p o t e n t i a l  of t h e  t r a d i t i o n a l  sectors f a ced  
some c o n s t r a i n t s .  The s o - c a l l e d  " d u a l i s t i c  development p a t t e r n s "  
was, t h e r e f o r e ,  f i r m l y  e s t a b l i s h e d  toward t h e  beg inn ing  o f  t h i s  
phase  and con t i nued  u n t i l  w e l l  a f t e r  t h e  end o f  World W a r  11. 
Phase I11 s t a r t e d  around 1958-62 and c o n t i n u e s  u n t i l  now. I t  
i s  a  phase  when modern e l emen t s  dominate a l l  s e c t o r s  o f  t h e  econ- 
omy. 
A q u i c k  g l a n c e  a t  e x p o r t s  a l s o  endo r se s  t h e  changing b u t  i m -  
p o r t a n t  r o l e  p layed  by t h e  t r a d i t i o n a l  sectors. I n  t h e  v e r y  
i n i t i a l  phase  o f  economic development a f t e r  1868 ( t h e  M e i j i  R e s -  
t o r a t i o n ) ,  raw s i l k ,  s i l k  w o r m  cocoons,  and t h e  g r e e n  t e a  e x p o r t s  
were 85 p e r c e n t  o f  t h e  t o t a l  e x p o r t s .  By t h e  t u r n  o f  t h e  c e n t u r y  
more i n d u s t r i a l  goods,  produced by t r a d i t i o n a l  manufac tu r ing ,  be- 
came t h e  dominant e x p o r t s :  raw s i l k ,  o t h e r  s i l k  goods, c o t t o n  
goods and o t h e r  m i s c e l l a n e o u s  goods. T e x t i l e  goods w e r e  t h e  m o s t  
im p o r t a n t  e x p o r t s  u n t i l  t h e  1930s, c o n s i s t i n g  o f  60 t o  70 p e r c e n t  
of a l l  manufactured e x p o r t s .  Within  t h e  t e x t i l e  e x p o r t s ,  however, 
t h e r e  was a  remarkable  s h i f t  from s i l k  t o  c o t t o n  p roduc t s .  
An i n c r e a s e  i n  heavy i n d u s t r y ' s  s h a r e  o f  e x p o r t s  s t a r t e d  
around t h e  1920s and became dominant ,  r e p l a c i n g  t e x t i l e s ,  o n l y  
a f t e r  World War 11. One w e l l  known dynamic f e a t u r e  o f  t h e  Japan- 
ese economy i s  t h a t  e x p o r t s  o f  manufactured goods were preceded  
by p e r i o d s  o f  impor t s  and i m p o r t - s u b s t i t u t i o n  p roduc t i on .  [See 
Akamatsu ( 1966) "wi ld -geese  fo rmat ion .  "1  
The r o l e  o f  t r a d i t i o n a l  s e c t o r s  t o  f i n a n c e  J a p a n ' s  h i g h  
growth i s  t h u s  obv ious .  The t h r e e  primary e x p o r t  commodities i n  
t h e  e a r l y  phase  were p r o d u c t s  o f  t h e  a g r i c u l t u r a l  sector. The 
major  e x p o r t s  from t h e  t u r n  of  t h e  c e n t u r y  w e r e  manufactured t ex -  
t i l e s  and mi sce l l aneous  goods produced by t h e  t r a d i t i o n a l  manufac- 
t u r i n g  s e c t o r  w i t h o u t  impor ted  t echno logy  or  by s e c t o r s  w i t h  i m -  
p o r t e d  b u t  l a r g e l y  modi f i ed  t e c h n o l o g i e s  ( e . g . ,  c o t t o n ,  matches!.  
-ong t h e  d i f f e r e n t  p h a s e s o f  J a p a n e s e  e x p e r i e n c e s ,  w e  w i l l  
f o c u s  o u r  a t t e n t i o n  on Phase I1 because  t h i s  i s  t h e  p e r i o d  when 
t h e  "dual i sm" o c c u r r e d  and p e r s i s t e d ,  and w i l l  s t u d y  t h e  mechan- 
i s m  o f  u r b a n i z a t i o n  and growth i n  t h e  d u a l i s t i c  economy u s i n g  t h e  
model p r e s e n t e d  i n  c h a p t e r  3  o f  t h i s  p a p e r .  The n e x t  s e c t i o n  re- 
views some f e a t u r e s  o f  d u a l i s t i c  development  i n  more d e t a i l .  
2.2.  D u a l i s t i c  Development: A C l o s e r  Look 
The second p h a s e  o f  J a p a n e s e  economic development  s t a r t e d  
from t h e  t i m e  o f  t h e  p r i v a t e  inves tment  s p u r t  w i t h  a n  a l m o s t  un- 
l i m i t e d  i n c r e a s e  i n  e x p o r t  demand due t o  World War I. T h i s  s p u r t  
i n c r e a s e d  t h e  s i z e  o f  f i r m s  i n  g e n e r a l  and i n  p a r t i c u l a r  t h e  
h e a v i e r  i n d u s t r y  f i r m s .  The a v e r a g e  a n n u a l  growth r a t e  o f  t h e  
manufactur ing  s e c t o r  d u r i n g  World War I was a n  e x t r a o r d i n a r y  9 . 3  
p e r c e n t .  But t h e  growth r a t e s  were q u i t e  uneven w i t h i n  t h e  sec- 
t o r :  machinery grew a t  28.1 p e r c e n t ,  m e t a l  grew a t  10.7 p e r c e n t ,  
t e x t i l e s  a t  4.1 p e r c e n t ,  and m i s c e l l a n e o u s  goods a t  2.2 p e r c e n t  
(Yasuba 1966) .  
The d i s t r i b u t i o n  o f  income was a l s o  s t r i k i n g l y  uneven. The 
r e a l  wage r a t e  o f  u r b a n  workers  and r e a l  a g r i c u l t u r a l  income de- 
c r e a s e d  u n t i l  1918, w h i l e  t h o s e  who r e c e i v e d  p r o f i t  incomes w e r e  
h i g h l y  b e n e f i t t i n g  f rom t h e  boom. The d e t e r i o r a t i n g  income d i s -  
t r i b u t i o n  d u r i n g  t h e  economic boom i n c r e a s e d  d i s s a t i s f a c t i o n  
among t h e  poor ,  p a v i n g  t h e  r o a d  t o  t h e  r ice r io t s  of  1918. 
The s t a g n a n t  J a p a n e s e  a g r i c u l t u r e  a f t e r  World War I i s  a l s o  
notewor thy.  T h i s  was p a r t i a l l y  caused  by t h e  world-wide a g r i c u l -  
t u r a l  crises when s u p p l y  i n c r e a s e d  a s  demand d e c r e a s e d  b e c a u s e  o f  
d e f l a t i o n a r y  p r e s s u r e s .  These w e r e  due t o  t h e  e f f o r t s  o f  a l l  
i n d u s t r i a l i z e d  n a t i o n s  f o r  t h e  r e s t o r a t i o n  of  t h e  g o l d - s t a n d a r d  
t o  pre-war r a t e s .  Another  r e a s o n  f o r  t h e  s t a g n a t i o n  o f  J a p a n e s e  
a g r i c u l t u r e  was a  s h i f t  o f  government p o l i c y  a f t e r  t h e  r ice r i o t s  
o f  1918. T h i s  p o l i c y  no l o n g e r  p r o t e c t e d  t h e  fa rmers  b u t  appeased 
t h e  u rban  workers .  I m p o r t s  o f  c h e a p e r  rice from t h e  c o l o n i e s  were 
promoted a t  t h e  c o s t  o f  a c c e l e r a t i n g  t h e  d e c l i n e  o f  domes t i c  ag- 
r i c u l t u r e .  To make m a t t e r s  worse,  t h e  i n c r e a s i n g  u r b a n i z a t i o n  
d e c e l e r a t e d  t h e  growth of  consumers '  demand f o r  t r a d i t i o n a l  food.  
A s  a  r e s u l t ,  t h e r e  was a  d r a s t i c  r e l a t i v e  d e c l i n e  i n  a g r i c u l t u r a l  
income. The r u r a l  a r e a ,  t h e r e f o r e ,  no l o n g e r  had t h e  c a p a c i t y  
t o  s u p p o r t  i t s  p o p u l a t i o n ,  c a u s i n g  a n  i n c r e a s e  i n  l a b o r  s u r p l u s .  
The "push" p r e s s u r e  o f  t h e  r u r a l  areas i n c r e a s e d ,  b u t  t h e  
" p u l l "  f a c t o r s  i n  u rban  areas w e r e  l i m i t e d  f o r  two r e a s o n s .  F i r s t ,  
even  d u r i n g  t h e  boom, i n v e s t m e n t  w a s  l a r g e l y  c o n c e n t r a t e d  on more 
c a p i t a l  i n t e n s i v e  modern i n d u s t r i e s ,  and t h e  g r o s s  employment e f -  
f e c t s  w e r e  l i m i t e d .  Second,  t h e  rate o f  t u r n o v e r  i n  modern in-  
d u s t r y  s t a r t e d  t o  d e c l i n e  d r a s t i c a l l y ,  p a r t l y  because  o f  t h e  i n -  
c r e a s i n g  c a p i t a l  i n t e n s i t y  which caused  t e c h n o l o g y - s p e c i f i c  s k i l l s  
t o  become i m p o r t a n t .  With fo rmal  s c h o o l i n g  g i v i n g  o n l y  g e n e r a l  
background t r a i n i n g ,  a l m o s t  a l l  the s k i l l  t r a i n i n g  was done on 
t h e  job.  Once s k i l l s  w e r e  a c q u i r e d  it was i n  t h e  i n t e r e s t s  o f  
b o t h  employers  and employees  t o  have  employees s t a y  w i t h  t h e  same 
f i r m .  The wage p o l i c y  o f  employers  i n  modern i n d u s t r y ,  t h e r e f o r e ,  
can  be  r e g a r d e d  as min imiz ing  t h e  sum o f  wages and l o s s  o f  t r a i n -  
* 
i n g  c o s t s  th rough  t u r n o v e r s .  The p r e v a i l i n g  wage l e v e l s  i n  
t r a d i t i o n a l  s e c t o r s  w e r e  much less r e l e v a n t  t o  t h e  wage o f  modern 
s e c t o r s  t h a n  any economic t e x t b o o k  might  s u g g e s t .  
The l i m i t e d  demand f o r  l a b o r  i n  t h e  modern i n d u s t r i a l  sector, 
coupled  w i t h  t h e  d e c l i n e  o f  t h e  p o p u l a t i o n - s u p p o r t i n g - c a p a c i t y  o f  
t h e  r u r a l  a r e a s ,  made t h e  a l t e r n a t i v e s  t h a t  any j o b  s e e k e r s  had 
q u i t e  l i m i t e d .  The s u r p l u s  l a b o r  f lowed i n t o  v a r i o u s  u rban  tra- 
d i t i o n a l  s e c t o r s .  The number o f  g a i n f u l l y  employed i n  s m a l l - s c a l e  
manufac tu r ing ,  r e t a i l  s e r v i c e s ,  and o t h e r  t r a d i t i o n a l  s e r v i c e s  
i n c r e a s e d  d r a s t i c a l l y .  For  example, t h e  number i n c r e a s e d  by 101 
p e r c e n t  f o r  r e t a i l  and w h o l e s a l e  services, and by 4 2  p e r c e n t  f o r  
o t h e r  s e r v i c e s  (Nakamura 1 9 7 1 ) .  The i n c r e a s e  o f  l a b o r  i n  t h e s e  
s e c t o r s  pushed t h e  wage l e v e l s  down t h u s  g i v i n g  b i r t h  t o  wage 
d i f f e r e n t i a l s  between d i f f e r e n t  s e c t o r s  and between d i f f e r e n t  
* *  
sizes o f  f i r m s .  
* I n  a d d i t i o n ,  modern s e c t o r  employers  had i n c e n t i v e  t o  pay 
h i g h e r  wages i n  o r d e r  t o  i s o l a t e  t h e i r  workers  from t h e  u p r i s i n g  
r e s t l e s s n e s s  of u rban  l a b o r e r s  and t o  keep t h e  "cream o f  t h e  
l a b o r  f o r c e "  a t t a c h e d  t o  them. 
**Before World War I ,  wage d i f f e r e n t i a l s  were o f  a  s p a t i a l  
n a t u r e ,  i .e . ,  t h e  segmented l a b o r  markets  w i t h  l i m i t e d  s p a t i a l  
l a b o r  m o b i l i t y  and f low of i n f o r m a t i o n  were mainly  r e s p o n s i b l e  
f o r  t h e  d i f f e r e n t i a l s ,  w h i l e  t h e  d u a l i s m  b o r n  a f t e r  World War I 
was formed w i t h  a r e l a t i v e l y  h i g h  f a c t o r  m o b i l i t y  and f l o w  o f  
i n f o r m a t i o n .  
The i n t e r a c t i o n  between urban l a b o r  marke t s  and r u r a l  l a b o r  mar- 
k e t s  was, t h e r e f o r e ,  q u i t e  i m p o r t a n t .  Wage l e v e l s  went  down w i t h  
t h e  d e c l i n e  o f  a g r i c u l t u r a l  income n o t  o n l y  f o r  t r a d i t i o n a l  sec-  
t o r  employees b u t  a l s o  f o r  female  workers  ( i n  mainly  t e x t i l e  sec-  
t o r s ) .  These female  workers  had been r e c r u i t e d  d i r e c t l y  from t h e  
r u r a l  a r e a s  and had a  h i g h  t u r n o v e r  r a t e .  
The q u e s t i o n  posed from a  n e o c l a s s i c i s t  p o i n t  o f  view, t h e n ,  
i s  why t h i s  d u a l i s t i c  d i s e q u i l i b r i u m  phenomenon p e r s i s t e d  f o r  s o  
long .  I t  i s  hoped t h a t ,  w i t h  t h e  h e l p  o f  t h e  model p r e s e n t e d  i n  
t h e  n e x t  c h a p t e r ,  w e  w i l l  g a i n  more i n s i g h t s  i n t o  t h i s  q u e s t i o n .  
A p l a u s i b l e  h y p o t h e s i s  beh ind  t h e  model i s  t h a t  t h i s  d u a l i s m  oc- 
c u r s  w i t h  a  r a p i d  t e c h n i c a l  o r  t e c h n o l o g i c a l  p r o g r e s s  accompanied 
by a n  i n c r e a s e d  demand f o r  t e c h n o l o g y - s p e c i f i c  s k i l l s .  Both t h e  
f i r m s  t h a t  own t h e  new t e c h n o l o g y  and t h e  s k i l l e d  l a b o r  t h a t  u s e s  
t h e  t echno logy ,  e a r n  q u a s i - r e n t s .  T h i s  s i t u a t i o n  c a n  l a s t  a  l o n g  
t i m e  i f  t h e  i n v e s t m e n t  t h a t  embodies new t e c h n o l o g i e s  s t a y s  a t  a  
h i g h  l e v e l ,  r e s t r i c t i n g  t h e  d i f f u s i o n  o f  t h e  l a t e s t  t e c h n o l o g i e s .  
Both workers  and employers  have a  v e s t e d  i n t e r e s t  i n  e a c h  
o t h e r ,  s i n c e  t h e  s k i l l s  workers  now have a r e  t e c h n o l o g y - s p e c i f i c .  
I t  i s  d i s a d v a n t a g e o u s  f o r  t h e  worker t o  q u i t  s o  long  a s  o t h e r  
o p p o r t u n i t i e s  a r e  no more a t t r a c t i v e  t h a n  t h e  p r e s e n t  j o b ,  and it 
is c o s t l y  t o  t h e  employer  i f  t h e w o r k e r  d o e s  q u i t .  So ,  t h e  employ- 
ers pay h i g h e r  wages t o  r e d u c e  t h e  number o f  r e s i g n a t i o n s ,  and 
workers  s t a y  i n  t h e  same f i r m ,  p o s s i b l y  i n c r e a s i n g  t h e i r  e f f i -  
c i e n c y  t h r o u g h  l ea rn ing-by-do ing .  I t  i s  a  t y p e  o f  b i l a t e r a l  
monopoly (Tan 1980) . 
T h i s  h y p o t h e s i s  a l s o  assumes t h e  c o n t i n u i n g  e x i s t e n c e  o f  
s u r p l u s  l a b o r  i n  t h e  t r a d i t i o n a l  s e c t o r .  Without  t h i s  s u r p l u s  
t h e  wage l e v e l  o f  t r a d i t i o n a l  s e c t o r s  would have been pushed up 
t o  a  l e v e l  where workers  i n  modern s e c t o r s  would have n o t  f e l t  
a s  much i n c e n t i v e  t o  s t a y  i n  t h e  same f i r m  a s  t h e y  a c t u a l l y  d i d .  
T h i s  i s  what o c c u r r e d  i n  t h e  1960s i n  J a p a n  when t h e  s u r p l u s  l a b o r  
i n  t h e  t r a d i t i o n a l  s e c t o r  was e x h a u s t e d  and t h e  economic d u a l i s m  
l a r g e l y  d i s a p p e a r e d  ( a l o n g  w i t h  t h e  d i f f u s i o n  o f  t e c h n o l o g i e s  and 
t h e  p r o d u c t i v i t y  i n c r e a s e  i n  a g r i c u l t u r e )  . 
From t h e  o b s e r v a t i o n s  and hypotheses  p r e s e n t e d ,  it i s  a n t i c -  
i p a t e d  t h a t  t h e  i nves tmen t s  i n  new t e c h n o l o g i e s  and an  e l a s t i c  
l a b o r  supp ly  a r e  q u i t e  impor t an t  i n  forming t h e  dua l i sm seen  i n  
post-World War I Japan.  The model d e s c r i b e d  i n  t h e  fo l l owing  
c h a p t e r  emphasizes t h e s e  a s p e c t s .  
3 .  THE MODEL 
3 . 1  . General  Ekatures 
The model desc r ibed  below i s  b u i l t  t o  c a p t u r e  a s p e c t s  of 
Japanese economic development i n  t h i s  cen tury  a s  desc r ibed  i n  t h e  
prev ious  s e c t i o n .  I ts  s p e c i f i c  f e a t u r e s  a r e  a s  fol lows:  
o  I t  i s  a  v i n t a g e  model i n  which each c a p i t a l  s t ock  i n  
some s e c t o r  i s  s p e c i f i e d  by t h e  yea r  of i n s t a l l a t i o n .  
o  I t  d i s t i n g u i s h e s  t h e  e x  a n t e  and t h e  e x  p o s t  produc t ion  
p o s s i b i l i t y  s e t s t a n d  it assumes put ty-semiput ty  technol-  
o g i e s  f o r  v a r i o u s  urban s e c t o r s  w i th  vary ing  e l a s t i c i t i e s  
of s u b s t i t u t i o n .  
o  I t  assumes t h a t  t h e  produc t ive  p h y s i c a l  investment i s  
c a r r i e d  o u t  by i n v e s t o r s  wi th  d i f f e r i n g  e x p e c t a t i o n s ,  
a l b e i t  myopic, on f u t u r e  f a c t o r  and commodity p r i c e s  
and on' demand. 
o  I t  d e f i n e s  t h e  rura l -urban  l abo r  mig ra t ion  a s  depending 
l a r g e l y  on urban job o p p o r t u n i t i e s  a s  w e l l  a s  on t h e  
d i f f e r e n c e  i n  (expec ted)  income d i f f e r e n t i a l s  d e f l a t e d  
by c o s t - o f - l i v i n g  i n d i c e s .  
o  "Trade" ha.s t h r e e  s p e c i f i c a t i o n s  (1) a l l  e x p o r t s  a r e  g iven  
t h e  Armington s p e c i f i c a t i o n s ,  ( 2 )  a l l  raw m a t e r i a l s  and 
machinery impor t s  a r e  considered noncompet i t ive ,  and ( 3 )  
a l l  i n d u s t r i a l  f i n i s h e d  goods a r e  considered compet i t ive  
and g iven  t h e  Armington s p e c i f i c a t i o n s .  
3.2. Sec to r  Div is ion  
The manufacturing s e c t o r  is  d iv ided  i n t o  t h r e e  s u b s e c t o r s  
i n  o rde r  t o  c a p t u r e  d i f f e r e n c e s  i n  t echno log ie s  employed w i t h i n  
t h e  s e c t o r .  I t  i s  assumed t h a t  t h e  s i z e  of  f i rms  r e f l e c t s  t h e  de- 
g r e e  of indigenousness  of  t h e  technology employed. A s  one of  t h e  
c r i t e r i a  f o r  determining whether an  i n d u s t r y  belongs t o  t h e  modern 
o r  t h e  t r a d i t i o n a l  s u b s e c t o r ,  t h e r e f o r e ,  t h e  p ropor t ion  of  small-  
s c a l e  f i rm  employment t o  t o t a l  employment i n  one i n d u s t r y  i s  con- 
* 
s i d e r e d .  
*The pre-World War I1 per iod  f i rms  wi th  f i v e  o r  less em- 
ployees  and t h e  post-World War I1 per iod  f i rms  wi th  49 o r  less 
employees a r e  cons idered  a s  smal l - sca le  f i rms .  
I n  a d d i t i o n ,  s e v e r a l  o t h e r  c r i t e r i a  a r e  employed such a s  
c a p i t a l - l a b o r  r a t i o s ,  and l a b o r  and c a p i t a l  p r o d u c t i v i t i e s  . For 
t h e  pre-World War I1 p e r i o d ,  t h e  convent iona l  modern- t rad i t iona l  
dichotomy is  a p p l i e d  t o  t h e s e  c r i t e r i a ,  bu t  a t h i r d  subsec to r ,  
t h e  t e x t i l e  i n d u s t r y ,  is s i n g l e d  ou t  because o f  i t s  impor tan t  r o l e  
i n  t h e  development of  Japanese  economy i n  t h i s  per iod .  
The s e r v i c e  s e c t o r  i n  t h e  urban a r e a  is  d iv ided  i n t o  two 
subsec to r s :  c a p i t a l - i n t e n s i v e  modern s e r v i c e s ,  which inc ludes  
t r a n s p o r t a t i o n ,  communication, e l e c t r i c i t y ,  and o t h e r  modern ser- 
v i c e s ,  and t r a d i t i o n a l  s e r v i c e s ,  which inc lude  r e t a i l s ,  wholesa les ,  
persona l  s e r v i c e s ,  f i n a n c i a l  s e r v i c e s ,  o r  c a r p e n t r y  f o r  res iden-  
* 
t i a l  bu i ld ings .  
Cons t ruc t ion  i s  cons idered  a s  ano the r  s e c t o r  due t o  i t s  
s p e c i f i c  c h a r a c t e r i s t i c s ,  namely, n o n t r a d e a b i l i t y  and h igh  l abo r -  
c a p i t a l  r a t i o .  
For t h e  r u r a l  r eg ion ,  economic a c t i v i t i e s  c o n s i s t  of  t h e  p r i -  
mary ( a g r i c u l t u r e )  , and t h e  r u r a l  s e r v i c e  s e c t o r s .  "Agr icu l tu re"  a l s o  
i nc ludes  s e r i c u l t u r e ,  f i s h e r y ,  and f o r e s t r y .  The r u r a l  s e r v i c e  
s e c t o r  s h o u l d  i nc lude  r u r a l  r e t a i l s ,  r u r a l  t r a d i t i o n a l  t r anspor -  
t a t i o n ,  r u r a l  pe r sona l  s e r v i c e s ,  r u r a l  c a r p e n t r y ,  etc. ,  b u t  due 
t o  t h e  d a t a  l i m i t a t i o n ,  o n l y  r u r a l  ca rpen t ry  i s  cons idered  a s  be- 
longing t o  t h i s  s e c t o r  i n  t h e  pre-World War I1 per iod .  
F i n a l l y ,  w e  have two a d d i t i o n a l  s e c t o r s  t o  account  f o r  r e n t a l  
f lows i n  urban and r u r a l  housing.  
The d i f f e r e n c e  between t h e  pre-  and t h e  post-World W a r  I1 
d i v i s i o n s  i s  more appa ren t  t h a n  r e a l .  What i s  cons idered  modern 
i n t h e p r e - w a r  per iod  can be cons idered  i n  t h e  medium range o f  
c a p i t a l  i n t e n s i t y  i n  t h e  post-war per iod ,  e .g . ,  machinery and 
p r i n t i n g .  The s i n g l i n g  o u t  o f  t h e  t e x t i l e  i n d u s t r y  f o r  t h e  pre-  
war per iod  is  on ly  n a t u r a l  g iven  t h e  r o l e  it played a s  a major 
expor t  s e c t o r ,  w i t h  modern o r  modified modern technology u t i l i z i n g  
t h e  u n s k i l l e d  ( female)  l a b o r  f o r c e  from r u r a l  a r e a s .  Th i s  d i s t i n c t  
r o l e  was n o t  played by t h e  t e x t i l e  i n d u s t r y  o r  any o t h e r  " s i n g l e "  
s e c t o r  i n  t h e  post-World War I1 per iod .  
*The banking and o t h e r  f i n a n c i a l  s e r v i c e s  w i l l  be cons idered  
a s  t r a d i t i o n a l ,  mainly because of  t h e  way s ta t i s t ica l  d a t a  w e r e  
recorded i n  pre-World War I1 pe r iods .  
T a b l e  2 .  S e c t o r  d i v i s i o n s  i n  J a p a n ' s  model .  
I n d u s t r y  I Modern i n d u s t r y  (MM) High c a p i t a l  i n t e n s i t y  i n d u s t r y  (HK) 
Chemical Pe t ro leum 
Machinery S t e e l  
Metal Nonf e r n o u s  
Mining a Chemicals  a ( P r i n t i n g )  
a (Ceramics) a (S tone ,  c l a y  & g l a s s )  (Pulp  & p a p e r )  
I n d u s t r y  I1 T e x t i l e  i n d u s t r y  (TE) Moderate c a p i t a l  i n t e n s i t y  i n d u s t r y  (MK) 
Machinery ( f i n i n g ) "  
T e x t i l e  
P r i n t i n g  
Rubber 
I n d u s t r y  I11 T r a d i t i o n a l  I n d u s t r y  (TM) Low c a p i t a l  i n t e n s i t y  i n d u s t r y  (LK) 
Food C lo thes  
Lumber & wood Lea the r  
Misce l l a n e o u s  F u r n i t u r e  
Me ta l s  
w o o d  
Food 
Misce l laneous  
Cons t ruc t ion  C o n s t r u c t i o n  C o n s t r u c t i o n  
Urban s e r v i c e  Modern s e r v i c e  (MS) Modern S e r v i c e  (MS) 
Modern t r a n s p o r t  
E l e c t r i c i t y  
O the r  p u b l i c  s e r v i c e s  
Modern t r a n s p o r t  
E l e c t r i c i t y  & o t h e r  u t i l i t i e s  
P u b l i c  s e r v i c e s  
Banking & modern f i n a n c e s  
T r a d i t i o n a l  s e r v i c e  (US) 
A l l  t h e  r e s t  o f  service 
a c t i v i t i e s  
Urban hous ing  c o n s t r u c t i o n  
T r a d i t i o n a l  s e r v i c e  (US) 
R e t a i l  & wholesa l e  s e r v i c e s  
Pe r sona l  s e r v i c e s  
Urban hous ing  c o n s t r u c t i o n  
Rura l  s e r v i c e  Rura l  s e r v i c e  (RS) Rural  s e r v i c e  (RS) 
R u r a l  hous ing  c o n s t r u c t i o n  R u r a l  hous ing  c o n s t r u c t i o n  
( R e t a i l  in rural a r e a s ) b  
A g r i c u l t u r e  A g r i c u l t u r e  
F i s h e r y  
F o r e s t r y  
S e r i c u l t u r e  
Fo r  r e n t a l  Urban hous ing  
f lows Rura l  hous ing  
P a r e n t h e s e s  mean t e n t a t i v e  f o r  r e a s o n s  o f :  
a b e i n g  on t h e  b o r d e r l i n e  o f  sector d i v i s i o n s  
b d a t a  p o s s i b l y  n o t  b e i n g  a v a i l a b l e  
*The post-World War I1 sector d i v i s i o n  o f  m a n u f a c t u r i n g  d e -  
pends  v e r y  much on  t h e  work o f  Motai  and  Ohkawa ( 1  9 7 8 )  . 
3 . 3 .  P r o d u c t i o n  R e l a t i o n s  
P e r s i s t e n t  wage d i f f e r e n t i a l s  between modern and  t r a d i t i o n a l  
s e c t o r s  i n  Japan have  p u z z l e d  many economis t s  and have  been a  
s o u r c e  o f  h e a t e d  arguments .  I t  was n o t  o n l y  t h e  wage d i f f e r e n -  
t i a l s  t h a t  were p e r s i s t e n t  b u t  a l s o  t h e  v e r y  e x i s t e n c e  o f  t h e  
t r a d i t i o n a l  s e c t o r s .  I n  t h e  s t e r e o t y p e d  c o n c e p t  o f  m o d e r n i z a t i o n ,  
t r a d i t i o n a l  sectors a r e  r e s i d u a l  and a r e  supposed t o  be phased 
o u t  and r e p l a c e d  by more modern s e c t o r s  a s  t h e  c o u n t r y  d e v e l o p s .  
T h i s  d i d  n o t  o c c u r  i n  J a p a n  f o r  a  l o n g  t i m e .  Many a u t h o r s  have 
t r i e d  t o  e x p l a i n  t h i s  p e r s i s t e n t  ( i f  n o t  happy) c o e x i s t a n c e  w i t h  
l a s t i n g  wage d i f f e r e n t i a l s  a s  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e r .  
There  have been v a r i o u s  a t t e m p t s  a t  e x p l a i n i n g  J a p a n ' s  econ- 
omic development .  I n  t h i s  p a p e r  I w i l l  t r y  to  e x p l a i n  it from 
t h e  economic and t e c h n o l o g i c a l  p o i n t s  o f  v iew,  n o t  o n l y  because  
t h e s e  a s p e c t s  a r e  e a s i e r t o q u a n t i f y ,  b u t  a l s o  because  I b e l i e v e  
t h e y  s h o u l d  be e l a b o r a t e d  f i r s t .  These a s p e c t s  a r e  less c u l t u r e -  
s p e c i f i c  and a r e  t h e r e f o r e  u s e f u l  f o r  f i n d i n g  any r e l e v a n c e  t o ,  
o r  c o m p a r a b i l i t y  w i t h ,  t h e  e x p e r i e n c e s  o f  o t h e r  c o u n t r i e s .  
The m a i n t a i n e d  h y p o t h e s e s  a r e :  
o  The ex p o s t  e l a s t i c i t y  o f  s u b s t i t u t i o n  o f  t h e  modern 
s e c t o r ' s  t e c h n o l o g y  i s  much s m a l l e r  t h a n  t h a t  o f  t h e  
t r a d i t i o n a l  s e c t o r .  
o  The p h y s i c a l  l i f e  t i m e  o f  equipment  i n  t h e  modern 
s e c t o r  i s  much l o n g e r  t h a n  i n  t h e  t r a d i t i o n a l  s e c t o r .  
o  The equipment  o f  t h e  modern sector i s ,  by d e f i n i t i o n ,  
"borrowed" t e c h n o l o g y ,  w h i l e  t h e  t echno logy  used  i n  
t h e  t r a d i t i o n a l  sector i s  mainly  ind igenous .  
o  The i n v e s t m e n t  o f  e a c h  s e c t o r  is c a r r i e d  o u t  a t  t h e  
m o s t  e f f i c i e n t  p o i n t  w i t h  a  g i v e n  e x p e c t e d  f a c t o r  
p r i c e  r a t i o .  
o  The t e c h n i c a l  p r o g r e s s  i s  more r a p i d  and l a b o r  s a v i n g  
i n  t h e  modern s e c t o r .  
Most o f  t h e s e  c a n  be c l e a r l y  shown by t h e  f o l l o w i n g  d iagram 
o f  i s o q u a n t s :  
K , nodern ex ante 





I traditional expected w/rl\ 
F i g u r e  1. D i f f e r e n t  ex a n t e  f u n c t i o n s  a n d  d i f f e r e n t  u rage- ren ta l  ( w / r )  
e x p e c t a t i o n s .  
The i m p l i c i t  s c e n a r i o  i s  t h a t  b e c a u s e  o f  t h e  l i m i t e d  s u b s t i -  
t u t a b i l i t y  i n  t h e  modern sectors, a v a i l a b l e  c a p i t a l  s t o c k  and  
new i n v e s t m e n t  almost d e t e r m i n e  t h e  sectors'  employment o f  l a b o r .  
The r e s t  o f  t h e  u r b a n  labor force w i l l  t h e n  h a v e  t o  s e e k  employ- 
ment i n  t h e  nonmodern u r b a n  sectors: i .e . ,  t r a d i t i o n a l  sectors, 
where ,  due t o  t h e  h i g h  e l a s t i c i t y  o f  s u b s t i t u t i o n ,  employees  c a n  
be h i r e d ,  b u t  w i t h  lower wages.  
F i n a l l y ,  where  c a p i t a l  s t o c k  i s  c o n c e r n e d ,  a d i s t i n c t i o n  
i s  made between  s t r u c t u r e  and  equ ipmen t .  C a p i t a l  s t r u c t u r e  (KC)  
i s  s u p p l i e d  by t h e  c o n s t r u c t i o n  sector a n d  h a s  a l o n g e r  l i f e t i m e  
t h a n  c a p i t a l  equ ipmen t  ( K E ) ,  which  i s  s u p p l i e d  by t h e  modern 
m a n u f a c t u r i n g  sector. 
P r o d u c t i o n  r e l a t i o n s  a r e  f o r m a l l y  e x p r e s s e d  i n  t h e  f o l l o w i n g  
p r o d u c t i o n  f u n c t i o n s .  The i n d i c e s  are: 
1 = I n d u s t r y  I (MM f o r  1905-1930; HK f o r  1950-1963) 
2 = I n d u s t r y  I1 (TE f o r  1905-1930; MK f o r  1950-1963) 
3 = I n d u s t r y  I11 (TM f o r  1905-1930; LK for  1950-1963) 
4 = C o n s t r u c t i o n  
5 = Modern s e r v i c e  
6 = T r a d i t i o n a l  u rban  s e r v i c e  
7 = Rura l  s e r v i c e  
8 = A g r i c u l t u r e  and pr imary  a c t i v i t i e s  ( i n c l u d i n g  seri- 
c u l t u r e )  
9 = Urban hous ing  
10 = Rura l  hous ing  
P r o d u c t i o n  Techno l ogy  
i = 1 , 2 , 3 , 5  
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where A means e x  a n t e  and a  b a r  under  a  v a r i a b l e  means it is 
measured i n  e f f i c i e n c y  u n i t s .  
Ex p o s t  
Q i v  
where v  = v i n t a g e  
' i v  -oE ( t - v )  S.  + ( 1  - 
-1 
) KE.  e i v  -1v 
- 
I 
' i v  A A 
E i + ( 1  - c i ) ( s * )  ivl'i 
where 
k* = t h e  e f f i c i e n t c o m ~ o s i t e  c a p i t a l  (S,KE,KC) l a b o r  r a t i o  a t  
g iven  f a c t o r  p r i c e  r a t i o s  and a  g i v e n  e x  a n t e  produc- 
t i o n  f u n c t i o n .  
h* = t h e  e f f i c i e n t  s k i l l  and equipment composi te  (S,KE) and 
s t r u c t u r e  c a p i t a l  (KC)  r a t i o  a t  g i v e n  f a c t o r  p r i c e  
r a t i o s  and a  g i v e n  e x  a n t e  p roduc t i on  f u n c t i o n .  
s *  = t h e  e f f i c i e n t  sk i l l - equ ipmen t  c a p i t a l  r a t i o  a t  g iven  
f a c t o r  p r i c e  r a t i o s  and a  g iven  e x  a n t e  p roduc t i on  func- 
t i o n .  
Aiv = a  s e c t o r  and v i n t a g e  s p e c i f i c  pa ramete r  (see Appendix 1 ) .  
(There  i s  a  one-to-one cor respondence  between p roduc t i on  sec- 
t o r s  and commodit ies .  ) 
i = 4 ( c o n s t r u c t i o n )  
i i 1-61-82 
- Qi - Ai (KE.  ) 
-1 (KCi (q) 
where 
Qi = t o t a l  o u t p u t  o f  s e c t o r  i 
Ai = s e c t o r - s p e c i f i c  s h i f t  p a r a m e t e r  
Aiv = s e c t o r - a n d  v i n t a g e - s p e c i f i c  s h i f t  p a r a m e t e r  
'it5i d i s t r i b u t i o n  p a r a m e t e r s  where c o n s t a n t - e l a s t i c i t y -  
- 
~ ~ 1 9 ~  o f - s u b s t i t u t i o n  (CES) forms are u s e d  
d i  1 q i  
= s u b s t i t u t i o n  p a r a m e t e r s  where CES forms are used 
s i t p i  
i B = p r o d u c t i o n  p a r a m e t e r s  i n  Cobb-Douglas forms 
'i ( v )  = s k i l l e d  l a b o r  o f  s e c t o r  i (and o f  v i n t a g e  v )  
Li ( v )  = u n s k i l l e d  l a b o r  o f  s e c t o r  i (and o f  v i n t a g e  v )  
KEi ( v )  = c a p i t a l  equipment  o f  s e c t o r  i (and o f  v i n t a g e  v )  
KLi ( v )  = c a p i t a l  s t r u c t u r e  o f  s e c t o r  i (and o f  v i n t a g e  v )  
Xi = l a n d  area o f  s e c t o r  i 
E q u a t i o n s  ( 1 )  and ( 2 )  are f o r  i = 1 , 2 , 3 ,  and  5 and  a p u t t y -  
s e m i p u t t y  a s sumpt ion  is  u s e d .  The ex post e l a s t i c i t i e s  o f  s u b s t i -  
t u t i o n  are supposed t o  be smallest f o r  modern m a n u f a c t u r i n g ,  i = l ,  
and i n c r e a s e  as t h e  s e c t o r s  become more t r a d i t i o n a l .  The paran-  
e ter  v a l u e s  f o r  ex ante and  ex post p r o d u c t i o n  f u n c t i o n s  o f  t h e  
modern s e r v i c e  s e c t o r  w i l l  be d e r i v e d  from more e m p i r i c a l  d a t a .  
These t h r e e - s t a g e  n e s t e d  constant-elasticity-of-substitution 
f u n c t i o n s ,  are s p e c i f i e d  t o  i n c o r p o r a t e  t h e  f o l l o w i n g  assumpt ions :  
1 .  Equipment and s k i l l  a r e  most complementary. 
2 .  The composi te  o f  t h e s e  a r e  complimentary,  a l t h o u g h  t o  
a  lesser d e g r e e ,  t o  s t r u c t u r e s .  
3 .  The u n s k i l l e d  l a b o r  i s  c o n s i d e r e d  a s  more o f  a  sub- 
s t i t u t e  f o r  any o f  t h e s e  c a p i t a l  goods. 
The c o n s t r u c t i o n  s e c t o r  ( i  = 4 )  i s  assumed t o  u s e  o n l y  equip-  
ment and ( u n s k i l l e d )  l a b o r  f o r  b u i l d i n g  r o a d s ,  h a r b o r s ,  and f a c t o r y  
s t r u c t u r e s ,  e tc .  T h i s  s i m p l i f i c a t i o n  seems t o  be  p e r m i s s i b l e  g i v e n  
t h e  t echno logy  used and t h e  p a t t e r n  o f  employment i n  t h i s  s e c t o r .  
Cobb-Douglas s p e c i f i c a t i o n s  a r e  used  f o r  t r a d i t i o n a l  s e r v i c e  sec -  
t o r s  and t h e  p r imary  s e c t o r .  C a p i t a l  s t o c k  i n  t r a d i t i o n a l  s e r v i c e  
s e c t o r s  i n c l u d e s  b u i l d i n g  s t r u c t u r e s  ( u s u a l l y  s h a r e d  w i t h  s t r u c -  
t u r e s  f o r  r e s i d e n t i a l  p u r p o s e s )  and some t o o l s .  
The Cobb-Douglas s p e c i f i c a t i o n  i n  a g r i c u l t u r e  ( e x c e p t  f o r  
s p e c i f y i n g  a  c a p i t a l  compos i t e  where CES i s  used)  i s  based  on p a s t  
r e s e a r c h .  Most s t u d i e s  i n d i c a t e  t h a t  t h e  e l a s t i c i t y  o f  s u b s t i t u -  
t i o n  between f a c t o r s  i n  t h i s  s e c t o r  i s  o r  i s  close t o  u n i t y .  it 
is  a l s o  c o n s i d e r e d  t h a t  t h e  d i s a g g r e g a t i o n  o f  t h i s  s e c t o r  i s  n o t  
r e q u i r e d  i n  t h i s  c a s e  s t u d y ,  b e c a u s e  Japan  has  en joyed  r e l a t i v e l y  
unimodal a g r i c u l t u r a l  development .  
Some e x p l a n a t i o n  o f  t h e  s p e c i f i c a t i o n  w i t h  r e g a r d  t o  embodied 
t e c h n i c a l  changes  i s  i n  o r d e r  h e r e .  T h i s  s p e c i f i c a t i o n  i n c r e a s e s  
n o t  o n l y  t h e  number o f  p r o d u c t i o n  f u n c t i o n s  b u t  a l s o  t h e  complex- 
i t i e s  i n  t h e  f o l l o w i n g  s e n s e .  
1 .  Each v i n t a g e  s h o u l d  have d i f f e r e n t  i n p u t - o u t p u t  rela- 
t i o n s .  
2 .  Each v i n t a g e  s h o u l d  have  d i f f e r e n t  q u a l i t y  o u t p u t s ,  
i .e . ,  newer machines produce  b e t t e r  goods. 
3 .  Each v i n t a g e  c a n  have  q u i t e  d i f f e r e n t  r a t e s  of  r e t u r n  
on f a c t o r  i n p u t s .  
I n  t h e  c a s e  of  p o i n t  1 ,  when t h e  i n p u t - o u t p u t  d a t a  a r e  n o t  
a v a i l a b l e  f o r  t h e  pre-World War I1 p e r i o d ,  p r o d u c t i o n  f u n c t i o n s  
w i l l  be s p e c i f i e d  i n  o r d e r  t o  i n c l u d e  i n t e r m e d i a t e s  i n  t h e  func-  
* 
t i o n s  i n  a  Cobb-Douglas manner. That  is ,  
* I  am g r a t e f u l  t o  Warren Sanderson f o r  p o i n t i n g  o u t  t h a t  t h i s  
i s  p o s s i b l y  e a s i e r  t h a n  e s t i m a t i n g  t h e  i n p u t - o u t p u t  t a b l e s .  
and 
where 
Qi = t o t a l  o u t p u t  of  s e c t o r  i 
'i = t o t a l  va lue  added of s e c t o r  i 
A j i  = i n p u t  o f  j  good i n  t h e  produc t ion  of  s e c t o r  i 
aVA = d i s t r i b u t i o n  parameter f o r  va lue  added 
a  = d i s t r i b u t i o n  parameter f o r  i n p u t  j  j 
There a r e  problems, however. One i s  t h e  method of  es t ima-  
t i o n  o f  a ,  and t h e  o t h e r  i s  t h a t  on ly  i n t e r m e d i a t e  i n p u t  s u b s t i -  
t u t i o n  through r e l a t i v e  p r i c e  change i s  accounted f o r  and n o t  
i n p u t  sav ing  t e c h n i c a l  p r o g r e s s .  The e s t i m a t i o n  of a ,  f o r  t h e  
t i m e  being ,  w i l l  only  be c a r r i e d  o u t  by simulation-a cho ice  f o r  
a  t h a t  r e p l i c a t e s  h i s t o r y  wi th  a  c e r t a i n  degree  o f  p r e c i s i o n .  
The second problem would be t h e  t o p i c  of f u t u r e  r e sea rch .  For 
t h e  post-World War I1 p e r i o d ,  where t h e  input -ou tpu t  d a t a  a r e  
more a v a i l a b l e ,  bo th  value-added and t o t a l - o u t p u t  s p e c i f i c a t i o n s  
could be t r i e d ;  t h e  former would use  v a r i a b l e  r a t h e r  t h a n  f i x e d  
input -ou tpu t  r e l a t i o n s .  
I n  t h e  c a s e  of p o i n t  2 ( t h e  q u a l i t y  d i f f e r e n c e s  among vin- 
t a g e s ) ,  it w i l l  be assumed t h a t  p roduc ts  of  t h e  same ca t ego ry  a r e  
completely homogeneous i n  t h e  eyes  of  consumers. They pay t h e  
same p r i c e  and g e t  t h e  same s a t i s f a c t i o n  from produc ts  produced 
by equipment of  d i f f e r e n t  v i n t a g e s .  
I n  p o i n t  3 , r a t e s  of  r e t u r n  on c a p i t a l  w i l l  be al lowed t o  va ry  
* 
by v i n t a g e s ,  bu t  t h e  wage r a t e  w i l l  be completely t h e  same w i t h i n  
each s e c t o r  f o r  t h e  same k i n d o f l a b o r  r e g a r d l e s s  of t h e  d i f f e r e n c e  
i n  v i n t a g e  of  t h e  equipment used by t h e  l a b o r e r s .  
*Aggregation of c a p i t a l  of  d i f f e r e n t  v i n t a g e s  is  impossible  
u n l e s s  t h e  t e c h n i c a l  p r o g r e s s  i s  pu re ly  c a p i t a l  augmenting, which 
we have r u l e d  o u t .  
There  a r e  two e l e m e n t s  d e t e r m i n i n g  t h e  l i f e t i m e  o f  c a p i t a l  
s t o c k :  p h y s i c a l  and economic. Both w i l l  be t a k e n  i n t o  accoun t .  
The f i r s t  i s  s p e c i f i e d  by t h e  maximum number o f  y e a r s  a  c e r t a i n  
k i n d  of  c a p i t a l  s t o c k  c o u l d  s t a y  i n  p r o d u c t i o n .  T h i s  w i l l  be 
de te rmined  by exogenously  g i v e n  f i x e d  r a t e s  o f  d e p r e c i a t i o n ,  o r  
* 
l i f e t i m e s  under theone-hoss-shay assumpt ion .  
Economic o b s o l e s c e n c e  i s  a n o t h e r  e l ement  d e t e r m i n i n g  t h e  
l i f e t i m e  o f  c a p i t a l  s t o c k s .  T h i s  w i l l  be t a k e n  i n t o  a c c o u n t  by 
t h e  f o l l o w i n g  c r i t e r i o n :  i f  any c a p i t a l  s t o c k  h a s  a  n e g a t i v e  
n e t  r a t e  o f  r e t u r n  f o r  t w o  c o n s e c u t i v e  y e a r s ,  t h e  whole v i n t a g e  
o f  t h a t  s e c t o r  w i l l  be d i s p o s e d  o f  w i t h o u t  any cost r e g a r d l e s s  
o f  how o l d  t h a t  s t o c k  is .  
3 . 4 .  P r i c i n g  and F a c t o r  R e t u r n s  
W e  b e g i n  t h i s  s e c t i o n  by d e f i n i n g  t h e  c o s t  o f  p r o d u c t i o n  
and t h e  v a l u e  added p r i c e .  The c o s t  o f  p r o d u c t i o n  i s  t h e  minimum 
c o s t  r e q u i r e d  t o  produce  t h e  commodity, and t h e  c o s t  p e r  u n i t  o f  
t h e  commodity i s  t h e  p r o d u c e r ' s  p r i c e .  T h i s  i s  t h e  t o t a l  c o s t  
o f  a l l  i n p u t s ;  
where 
pi = p r o d u c e r ' s  p r i c e  
li = u s e r  c o s t  o f  u n s k i l l e d  l a b o r  
q i  = u s e r  c o s t  o f  s k i l l e d  l a b o r  
r = u s e r  c o s t  o f  c a p i t a l  equipment  ( q u a s i - r e n t )  E i  
r = u s e r  c o s t  o f  c a p i t a l  s t r u c t u r e  ( q u a s i - r e n t )  C i  
pC = purchase  p r i c e  o f  commodity j j 
*The p r o d u c t i o n  f u n c t i o n s  i n  e q u a t i o n  ( 2 )  o n l y  u s e  t h e  
f i x e d - r a t e - d e p r e c i a t i o n  assumpt ion  b u t  t h e  one-hoss-shay assump- 
t i o n s  w i l l  be t r i e d  i n  some s i m u l a t i o n .  
Aj i = inputs of commodity j to product commodity i 
* (j = 0 is imports) 
The value added price is defined as 
The ex post user costs of primary factors and the noncompetitively 
imported commodity are in turn defined as: 
ali 
i = (1 + tL) < + b. T and - -  - 0 for i =  1,2,5 1 i aw: 
where 
t~ = tax rate on unskilled labor wage (employer's contribu- 
tion) 
tS = tax rate on skilled labor wage (employer's contribution) 
tr = tax rate on capital profit income 
* *  tFNC = tariff rate on noncompetitive imports 
(1) 
*This specification assumes only one kind of imported in- 
puts. But it is relatively easy to disaggregate them, and I 
shall do so as needed. 
**Average tariff rates will be used for most simulations. 
However, when more detailed aspects of tariff policies need to 
be studied, sector-specific rates tFNC or tFC will be employed. (1) (1) 
= wage r a t e  f o r  u n s k i l l e d  l a b o r  
'i 
W: = wage r a t e  f o r  s k i l l e d  l a b o r  
= a f t e r - t a x  r a t e  of  r e t u r n  on c a p i t a l  equipment  Ri 
C Ri = a f t e r - t a x  r a t e  of  r e t u r n  on  c a p i t a l  s t r u c t u r e  
oE = d e p r e c i a t i o n  r a t e  of  c a p i t a l  equipment  i 
oC = d e p r e c i a t i o n  r a t e  of  c a p i t a l  s t r u c t u r e  i 
p1 = p r i c e  o f  c a p i t a l  equipment  ( z  p r i c e  o f  modern manufac- 
t u r i n g  s e c t o r  goods)  
P4  = p r i c e  of  c a p i t a l  s t r u c t u r e  (: p r i c e  o f  c o n s t r u c t i o n  
s e c t o r  s e r v i c e s )  
Po = u s e r  p r i c e  o f  impor ted  goods 
P' = world  p r i c e  o f  impor ted  goods 
0 
T = exchange r a t e  
bi = r a t e  o f  u n s k i l l e d  l a b o r  t u r n o v e r  
Ti = s e c t o r - s p e c i f i c  h i r i n g  and t r a i n i n g  c o s t  o f  u n s k i l l e d  
l a b o r ,  b u t  Ti = 0 f o r  i = 3,6,7,R 
The above e q u a t i o n s a r e  c o n v e n t i o n a l  and need no f u r t h e r  ex- 
p l a n a t i o n  e x c e p t  f o r  t h e  u s e r  c o s t  o f  u n s k i l l e d  l a b o r .  Th i s  c o s t  
f o r  s e c t o r  1,2, and 5 (modern manufac tu r ing ,  t e x t i l e ,  and modern 
s e r v i c e )  i s  assumed t o  depend on t h e  h i r i n g  and t r a i n i n g  c o s t  and 
* t h e  r a t e  o f  t u r n o v e r  as w e l l  a s  wage and t a x .  T h i s  s p e c i f i c a t i o n  
means t h a t  even t h e  u n s k i l l e d  r e q u i r e  a  c e r t a i n  amount o f  t r a i n -  
i n g  i n  t h e s e  s e c t o r s .  T h i s  t r a i n i n g  i s  f i r m - s p e c i f i c  and is  n o t  
c o n s i d e r e d  a s  " c o s t "  u n l e s s  t h o s e  who r e c e i v e d  t h e  t r a i n i n g  l e a v e .  
T h i s  a l s o  i n c l u d e s  t h e  c o s t  o f  r e c r u i t m e n t - i n c u r r e d  by l o o k i n g  f o r  
a p p r o p r i a t e  employees.  T h i s  c o s t  was most  e x p l i c i t  i n  t h e  t e x t i l e  
*A s i m i l a r  s p e c i f i c a t i o n  i s  used f o r  s t u d y i n g  m i g r a t i o n  i n  
S t i g l i t z  (1973) .  The l o s t  t r a i n i n g  c o s t  i s  t r e a t e d  a s  s i m i l a r  
t o  d e p r e c i a t i o n  f o r  convenience .  
s e c t o r  where t h e  s e c t o r  had t o  send r e c r u i t e r s  of  c o u n t r y s i d e  
g i r l s  t o  t h e  r u r a l  a r e a s .  
The consumers '  p r i c e s  a r e  ( 1 )  f o r  d o m e s t i c a l l y  produced 
goods : 
where 
tid = i n d i r e c t  t a x  r a t e  
Jl i = markup f o r  t r a n s p o r t  c o s t ,  $i  = 0 when consumed i n  t h e  
a r e a  of  p r o d u c t i o n  
and ( 2 )  f o r  c o m p e t i t i v e  impor t s :  
F i n a l l y ,  t h e  n e o c l a s s i c a l  m a r g i n a l  p r i n c i p l e s  a p p l y  w i t h  
* 
r e s p e c t  t o  f a c t o r  r e t u r n s ,  t h a t  is ,  
f o r  a l l  v 
f o r  a l l  v  
*For t r a d i t i o n a l  s e c t o r s ,  o f  c o u r s e ,  t h e s e  a r e  j u s t  imputed 
s h a r e s .  For  t h e  a g r i c u l t u r a l  s e c t o r ,  I e x p l i c i t l y  assume t h a t  
t h e  p o p u l a t i o n  p e r c e i v e  t h e  a v e r a g e  income a s  t h e i r  measure o f  
w e l f a r e ,  e s p e c i a l l y  i n  making d e c i s i o n s  t o  m i g r a t e .  See s e c t i o n  
3 . 5 . 3 .  on Migra t ion .  A s  t o  t h e  u rban  t r a d i t i o n a l  s e c t o r s  I as -  
sume t h e  m a r g i n a l  p r i n c i p l e  s t i l l  h o l d s  even i n  r u r a l - u r b a n  m i -  
g r a t i o n  d e c i s i o n s ,  t h i n k i n g  t h a t  many m i g r a n t s  would n o t  become 
se l f -employed p r o p r i e t o r s  r i g h t  away. I n  o t h e r  words,  t h e y  would 
f i r s t  be  employed by a  s m a l l  f a c t o r y  o r  r e t a i l  shops .  O f  c o u r s e ,  
when se l f -employed p r o p r i e t o r s  u s i n g  f a m i l y  l a b o r  d e c i d e  t o  be- 
come employed l a b o r e r s ,  t h e  a v e r a g e  f a m i l y  income ( n o t  wage in -  
come) s h o u l d  t h e n  be  measured a g a i n s t  t h e  wage r a t e  of  t h e  pos- 
s i b l e  employment. T h i s  i n t r a u r b a n ,  i n t e r s e c t o r a l  movement is 
l e f t  f o r a l a t e r  s e n s i t i v i t y  a n a l y s i s .  
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3.5. F a c t o r  A l l o c a t i o n  
The t h r e e  k i n d s  o f  c a p i t a l  goods ( s k i l l ,  equipment,  and 
s t r u c t u r e s )  and l a b o r  a r e  a l l o c a t e d  o v e r  v a r i o u s  s e c t o r s  f o r  pro- 
d u c t i o n  o f  goods and s e r v i c e s .  The way t h e  f a c t o r s  a r e  a l l o c a t e d  
i s  c r u c i a l  f o r  a n  economy; t h a t  is ,  how new f a c t o r s  a r e  be ing  a l -  
l o c a t e d  and howthe  = x i s t i n g  l a b o r  f o r c e  i s  s h i f t i n g  among s e c t o r s  
a r e  t h e  major  d e t e r m i n a n t s  o f  t h e  f u t u r e  p a t h  t h e  economic- 
demographic development o f  t h e  coun t ry .  The f o l l o w i n g  i s  t h e  
d e s c r i p t i o n  of  how t h e  a l l o c a t i o n  i s  de te rmined  i n  t h e  model. 
3 . 5 . 1 .  PhysicaZ P r o d u c t i v e  P r i v a t e  I n v e s t m e n t  
P h y s i c a l  p r o d u c t i v e  p r i v a t e  inves tment  a p p l i e s  t o  b o t h  ca p i -  
t a l  equipment and c a p i t a l  s t r u c t u r e s .  I n v e s t o r s  a r e  supposed t o  
be f u l l y  informed o f  e x  a n t e  t e c h n i c a l  p o s s i b i l i t i e s ,  and t h e y  
a l s o  have t h e  s e c t o r - s p e c i f i c  e x p e c t a t i o n s  on f u t u r e  f a c t o r  p r i -  
c e s  and demand f o r  t h e i r  o u t p u t .  The most e f f i c i e n t  f a c t o r  em- 
ployment p e r  u n i t  o f  o u t p u t  ( o r  v a l u e  added) cou ld  be o b t a i n e d  
u s i n g  t h e  Shephard '  s Lemma (Shephard 1953) by ' t ak ing  t h e  f i r s t  
o r d e r  d e r i v a t i v e  o f  t h e u n i t  c o s t  f u n c t i o n  w i t h  r e s p e c t  t o  t h e  
u s e r  c o s t  o f  t h a t  f a c t o r .  Thus, 
where 
B = t h e  cost  f u n c t i o n  i m p l i e d  by t h e  p r o d u c t i o n  t e c h -  
n o l o g y  (T?) * = t h e  optimum c a p i t a l  e q u i p m e n t - o u t p u t  r a t i o  g i v e n  
t h e  t e c h n o l o g y  a n d  t h e  u s e r  cost  o f  c a p i t a l .  
I t  would b e  assumed t h a t  t h e  i n v e s t o r s  h a v e  t h e  e x p e c t a t i o n  
o n  f u t u r e  demand i n  a d d i t i o n  t o  t h e  f a c t o r  p r i c e s .  Suppose  t h e n ,  
t h a t  D: i s  t h e  e x p e c t e d  demand p e r  y e a r  f o r  t h e  sector i commod- 
i t y ,  a n d  S: i s  t h e  a c t u a l  c a p a c i t y  o f  s u p p l y i n g  t h i s  commodity 
less t h e  d e p r e c i a t i o n .  Then t h e  new c a p a c i t y  f o r  t h i s  p r o d u c t  
* 
needed  f o r  t h e  n e x t  p e r i o d  is:  
The new c a p i t a l  s t o c k s  r e q u i r e d  are t h e  e x p e c t e d  i n v e s t m e n t s  and  
c a n  b e  s p e c i f i e d  a s  
f o r  equ ipmen t  i n  sector i,  and 
* I f  D D i  t u r n s  o u t  n e g a t i v e ,  a n  a t y p i c a l  c a s e  f o r  a growing  
economy, i t  w i l l  b e  assumed t h a t  t h e  g r o s s  i n v e s t m e n t  i n  t h a t  
sector i s  0. 




ments in sector i for equipment and structures, and vEei, C.i 
are expected costs of the use of capital equipment and structures. 
The total investment however is constrained by total avail- 
able saving although this period's excess demand for investment 
has some effect on the next period's saving patterns of capital 
income earners. Thus the actual investment in sector i in capi- 
tal goods k (k = E , C )  is 
where 
j = capital-using sectors (1 ,2,3,4,5,6,7,8)  
k = E and C 
SAV = saving available for physical productive investment 
P 
Finally, the specification of how expectations are formulated 
* is in order. It is assumed that investors are myopic. Thus 
W; t+l (t) = y, [WAlt) - we*t(t-1)] 1 + @it) 1 
'I- e-t+l (t) = Yr e-t 
'koi k [ r t-i (t) - r k*i (t-l)] + rkei A (t) k = E,C 
e*t+l e-t A 
'k-i (t) = Yv k k*i 
k = E,C 
- - 
*Expectations on factor costs are based on the technology 
used by the "best practice" firms of the sector. 
e -  t + l  e - t  A 
q i  
w h e r e  
x e o t ( t - 1 )  = t h e  expec t ed  v a l u e  o f  X f o r  t i m e  t i n  s e c t o r  i ,  
1 
and t h e  e x p e c t a t i o n  is  formed a t  t-1. 
x A ( t )  = t h e  a c t u a l  va lue  of X a t  time t i n  sector i 
1 
Yx = a n  X-va r i ab l e - spec i f i c  p o s i t i v e  c o n s t a n t  
" k - i  = t h e  p e r c e i v e d  c o s t  o f  c a p i t a l  i n  t h e  f u t u r e ,  
which c o n s i s t s  o f  r a t e  of  borrowing and depre-  
c i a t i o n  cost 
3 . 5 . 2 .  Public Investment 
P u b l i c  i nves tmen t  i n  g e n e r a l  w i l l  be  t a k e n  a s  exogenous i n  
t h e  model, mainly  because  o f  t h e  ve ry  n a t u r e  of  t h e  p u b l i c  in -  
ves tment ,  which i s  i n f l u e n c e d  by exogenous f a c t o r s ;  f o r  example, 
* 
typhoons,  e a r t hquakes ,  and wars .  But a  word o f  c l a r i f i c a t i o n  
shou ld  be  added h e r e .  It is a s suaed  t h a t  some government organ- 
i z a t i o n s ,  government-run f a c t o r i e s ,  n a t i o n a l  r a i l w a y ,  e l e c t r i c i t y  
g e n e r a t o r s ,  and s o  f o r t h ,  a r e  i n  t h e  a p p r o p r i a t e  s e c t o r s .  Tha t  
i s ,  r a i l way  and power a r e  p laced inMS s e c t o r s  and p u b l i c  f a c t o r i e s  
i n  t h e  modern or t e x t i l e  manufac tu r ing  sectors. The re fo r e ,  t h e  
p a r t s  t h a t  a r e  t a k e n  a s  exogenous i n  t h e  p u b l i c  inves tment  a r e  
p u b l i c  i n f r a s t r u c t u r e  c o n s t r u c t i o n  (bo th  a g r i c u l t u r a l  and g e n e r a l ) ,  
n a t u r a l  d i s a s t e r  r e c o n s t r u c t i o n ,  m i l i t a r y ,  r e l i g i o u s  and c u l t u r a l  
f a c i l i t i e s  c o n s t r u c t i o n ,  f u r n i t u r e  and f i x t u r e ,  and n o n m i l i t a r y  
b u i l d i n g  c o n s t r u c t i o n .  Only p u b l i c  i n f r a s t r u c t u r e  c o n s t r u c t i o n  
i s  r e a l l y  impor t an t ,  and more e f f o r t s  w i l l  b e  g iven  t o  endogenize  
it i n  t h e  f u t u r e .  Nonmi l i t a ry  b u i l d i n g  c o n s t r u c t i o n  i s  impor t an t  
i n  a  s e n s e  t h a t  a  good p a r t  of  it i s  s c h o o l  b u i l d i n g s .  Th i s  w i l l  
be  d i s c u s s e d  l a t e r  i n  S e c t i o n  3 .10 on s k i l l  accumulat ion .  
*During t h e  p e r i o d  o f  1900-1940, t h e  p r o p o r t i o n  of  t h e  pub- 
l i c  inves tment  i n  c o n s t r u c t i o n  t h a t  went i n t o  t h e  r e p a i r  work of  
damages caused by typhoons  and ea r t hquakes  v a r i e s  from 10 t o  50 
p e r c e n t ,  and d u r i n g  t h e  same time p e r i o d  i n  government equipment 
inves tment  t h e  p r o p o r t i o n  o f  m i l i t a r y  inves tment  v a r i e d  from 
less t h a n  10 p e r c e n t  t o  c l o s e  t o  90 p e r c e n t .  
3.5.3. M i g r a t i o n  
Here o n l y  i n t r a n a t i o n a l  m i g r a t i o n  i n  a  narrow s e n s e  i s  con- 
s i d e r e d .  Th i s  means t h e  p o p u l a t i o n  movement t o  Korea,  Taiwan, 
and Manchuria would be exogenous.  Also " m i g r a t i o n "  h e r e  would 
be unders tood  a s  i n t e r s e c t o r a l  f lows o f  p o p u l a t i o n .  The more 
emphasis  i s ,  t h e r e f o r e ,  g i v e n  t o  t h e  s h i f t  of p o p u l a t i o n  from 
a g r i c u l t u r a l  t o  n o n a g r i c u l t u r a l  s e c t o r s .  From o u r  assumpt ion  of  
s e c t o r  d i v i s i o n ,  t h i s  movement i s  synon:mous t o  r u r a l - u r b a n  m i -  
g r a t i o n  i n  t h e  model. But w e  s h o u l d  be aware o f  d i f f e r e n c e s  
between n o n a g r i c u l t u r a l  and u rban  s e c t o r s .  I n  any c a s e ,  a  v e r y  
s i m p l i s t i c  approach  i s  t a k e n  w i t h  r e g a r d  t o  t h i s  m i g r a t i o n ,  de- 
* 
s p i t e  a  myriad o f  works d i s c u s s i n g  t h i s  i s s u e .  The l i t e r a t u r e  
from t h e  economic p o i n t  o f  view, e s p e c i a l l y  c o n c e r n i n g  develop-  
i n g  c o u n t r i e s ,  has  n o t  gone much beyond t h e  ~ a r r i s - ~ o d a r o  spec-  
i f i c a t i o n .  
I s h a l l  a l s o  r e s o r t  t o  t h e  Harr is -Todaro  c o n c e p t  and s p e c i f y  
m i g r a t i o n  a s  a  f u n c t i o n  o f  a  r a t i o  of  t h e  e x p e c t e d  urban income 
t o  t h e  a v e r a g e  income i n  t h e  r u r a l  s e c t o r .  The e x p e c t e d  u rban  
income i s  a  we igh ted  a v e r a g e  of  v a r i o u s  u rban  wages. These 
w e i g h t s ,  however, a r e  d i f f e r e n t  from t h e  c o n v e n t i o n a l  H a r r i s -  
Todaro framework. Here, because  l a b o r  m i g r a t i o n  i n  Japan  was 
h i g h l y  demand-oriented,  t h e  number of  a v a i l a b l e  jobs  f o r  m i g r a n t s  
i n  each  s e c t o r  w i l l  be used a s  a  w e i g h t .  T h i s  we igh t  w i l l  con- 
s i s t ,  t h e r e f o r e ,  o f  t h e  number o f  new j o b s  c r e a t e d  by new i n v e s t -  
ment and t h e  amount o f  employee t u r n o v e r .  
Thus t h e  r u r a l - u r b a n  m i g r a t i o n  ( M r U )  i s  s p e c i f i e d  a s  f o l l o w s :  
where 
Lr = r u r a l  l a b o r  f o r c e  
m = paramete r  
*For a  summary o f  more o r  l e s s  a n  economic view, s e e  Todaro 
(1975) and f o r  a  demographic a s p e c t s ,  see Rogers (1977 and 1 9 8 0 ) .  
j = s k i l l e d  ( S )  
. u n s k i l l e d  (L) l a b o r  
i = urban  s e c t o r s  
d 3  = d  O t d < l  i f  j = s k i l l e d  
d 3  = 1 i f  j = u n s k i l l e d  
Yo = a v e r a g e  income o f  owner c u l t i v a t o r s  
Y~ 
= a v e r a g e  income o f  p e a s a n t s  
YN = a v e r a g e  income o f  n o n a g r i c u l t u r a l  r u r a l  w o r k e r s  
pl  = p r o p o r t i o n  o f  owner c u l t i v a t o r s  i n  t h e  r u r a l  
p o p u l a t i o n  
p2 = p r o p o r t i o n  o f  p e a s a n t s  i n  t h e  r u r a l  p o p u l a t i o n  
j j COL = c o s t  o f  l i v i n g  i n d e x  i n  area j = l i  w i  Pi j 
j = u r b a n ,  r u r a l  
Er = e x p e n d i t u r e  o f  r u r a l  a g r i c u l -  
t u r a l  l a b o r  
Vh = p o p u l a t i o n  i n  income c l a s s  h  
urban p o p u l a t i o n  
E~ = e x p e n d i t u r e  o f  income c l a s s  h 
w = budget  s h a r e  on  commodity i i 
d  = d i s c o u n t  f a c t o r  f o r  s k i l l e d  employment 
3.6. Consumer's Demand 
3 . 6 . 1 .  Static Consumption 
For more t h a n  two d e c a d e s  economis ts  have e x p l o r e d  s p e c i f i -  
c a t i o n s  o f  a  comple te  sys tem of  demand e q u a t i o n s  t h a t  a r e  a b l e  t o  
e x t r a c t  v a r i o u s  p r i c e  and income r e s p o n s e s  from ( u s u a l l y )  l i m i t e d  
d a t a ,  a t  t h e  same t i m e  s a t i s f y i n g  v a r i o u s  r e s t r i c t i o n s  d e r i v e d  
from t h e  consumer ' s t h e o r y .  
For t h e  a n a l y s i s  o f  d e v e l o p i n g  c o u n t r i e s ,  two o f t e n - u s e d  
and t h e r e f o r e  t i m e - t e s t e d  sys tems  a r e  t h e  l i n e a r  e x p e n d i t u r e  sys -  
t e m  (LES) and t h e  a d d i l o g  demand system. More f l e x i b l e  s p e c i f i c a -  
t i o n s  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  t h e  Rotterdom ( e . g . ,  T h e i l  
1 9 7 6 ) ,  t h e  t r a n s l o g  ( C h r i s t e n s o n  e t  a l .  1 9 7 5 ) ,  and t h e  a l m o s t  
i d e a l  demand sys tem (AIDS) (Deaton and Muellbauer  1980) s p e c i f i c a -  
t i o n s .  The l a t t e r  o n e s  o f t e n  u s e  t h e  d u a l i t y  t h e o r y  t h a t  t h e  
f i r s t  o r d e r  p a r t i a l  d e r i v a t i v e  o f  t h e  e x p e n d i t u r e  f u n c t i o n  w i t h  
r e s p e c t  t o  a  p r i c e  o f  a  commodity i s  t h e  ( H i c k s i a n )  demand f o r  
t h a t  commodity o f  a  u t i l i t y - m a x i m i z i n g  consumer, o r  t h e  Roy's  
i d e n t i t y .  The fo rmer  s p e c i f i c a t i o n s  have t h e  a d v a n t a g e s  o f  en-  
a b l i n g  c l e a r e r  and more s t r a i g h t f o r w a r d  i n t e r p r e t a t i o n s  o f  v a r i o u s  
c o n c e p t s  such a s  e l a s t i c i t i e s  o r  minimum b a s i c  n e e d s ,  i n  a d d i t i o n  
t o  t h e  r e l a t i v e  e a s e  o f  e s t i m a t i o n  of  p a r a m e t e r s ,  b u t  a t  t h e  same 
t i m e  t h e  c o n s t r a i n t s  imposed on t h e  sys tem a priori a r e  more 
r i g i d  t h a n  sys tems  i n  t h e  o t h e r  group.  
I n  t h i s  p a p e r ,  t h e  more f l e x i b l e  demand sys tems  a r e  f a v o r e d ,  
due mainly  t o  o u r  d e s i r e  t o  a v o i d  r i g i d  assumpt ions  on  p r e f e r e n c e  
* 
o f  LES (ELES) and a d d i l o g ,  and e v e n t u a l l y  t o  examine i m p l i c a t i o n s  
o f  d i s c a r d i n g  homogeneity o r  S l u t s k y  symmetry assumpt ions .  Fur- 
thermore ,  among t h e  v a r i o u s  f l e x i b l e  s p e c i f i c a t i o n s ,  it i s  pro-  
* *  posed h e r e  t h a t  AIDS be  used f i r s t  f o r  t h i s  c a s e  s t u d y .  T h i s  
sys tem has  a d v a n t a g e s  i n  t h a t  a l l  of  t h e  f o l l o w i n g  a r e  s i m u l t a -  
neous ly  s a t i s f i e d :  
( 1 )  It g i v e s  a n  a r b i t r a r y  f i r s t - o r d e r  approx imat ion  t o  
any demand sys tem.  
( 2 )  I t  s a t i s f i e s  axioms o f  c h o i c e  e x a c t l y .  
( 3 )  I t  a g g r e g a t e s  p e r f e c t l y  o v e r  consumers w i t h o u t  i n -  
voking p a r a l l e l  l i n e a r  Engel  c u r v e s .  
( 4 )  I t  h a s  a  f u n c t i o n a l  form c o n s i s t e n t  w i t h  known 
household-budget  d a t a .  
( 5 )  I t  i s  s i m p l e  t o  e s t i m a t e  a v o i d i n g  n o n l i n e a r i t y  i n  
p a r a m e t e r s .  
The s i m p l i f i e d  e q u a t i o n s  t o  be  e s t i m a t e d  and used a r e  
where 
w = budget  s h a r e  f o r  commodity i i 
a i ,B i ,y i j  a r e  c o n s t a n t s  i , j  = 1 ,  ..., n 
P = p r i c e  of  commodity i j  
E = t o t a l  consumption e x p e n d i t u r e  
*Extended l i n e a r  e x p e n d i t u r e  sys tem 
**The d e r i v a t i o n  o f  t h i s  sys tem is d e s c r i b e d  i n  Appendix 2. 
- , ~  
'ind = an  a g g r e g a t e  p r i c e  index 
C o n s t r a i n t s  on paramete r  v a l u e s  a r e ,  f o r  adding-up: 
f o r  homogeneity: 
and f o r  symmetry: 
The fo l l owing  consumption commodity groups  w i l l  b e  used: 
(1) consumer ' s  d u r a b l e  
(produced by  t h e  modern manufactur ing s e c t o r )  
( 2 )  c l o t h s  and c l o t h i n g  
(produced by t h e  t e x t i l e  i n d u s t r y )  
( 3 )  processed  food and mi sce l l aneous  
(produced by t h e  t r a d i t i o n a l  i n d u s t r y )  
( 4 )  t r a n s p o r t a t i o n ,  communication, e l e c t r i c i t y ,  and f u e l s  
(produced by t h e  modern s e r v i c e  s e c t o r )  
( 5 )  o t h e r  s e r v i c e s  
(produced by t r a d i t i o n a l  s e r v i c e  s e c t o r s )  
*Deaton and Muellbauer (1980) d e r i v e d  t h i s  index  a s  
b u t  t hey  propose s i m p l i f i c a t i o n  o f  t h i s  t o  
Th is  is  s u b j e c t  t o  more examinat ion u s ing  Japanese  d a t a  b e f o r e  i t  
w i l l  be employed. 
( 6 )  a g r i c u l t u r a l  p r o d u c t s  ( r ice ,  v e g e t a b l e ,  etc . 
(produced by a g r i c u l t u r e )  
( 7 )  housing 
The f o l l o w i n g  form of  income c l a s s e s  w i l l  be  employed f o r  ana ly -  
ses: 
( 1 )  urban  u n s k i l l e d  
(2) urban s k i l l e d  
( 3 )  r u r a l  l a b o r  
* ( 4 )  r u r a l  l a n d l o r d s  and u rban  c a p i t a l  income e a r n e r s  
Saving r a t i o s  a r e  t a k e n  from t h e  h i s t o r i c a l  d a t a  y e a r  by 
y e a r  due t o  t h e  d i f f i c u l t y  o f  endogeniz ing them th rough  i n t e r -  
temporal  o p t i m i z a t i o n .  The o n l y  system t h a t  ha s  endogenous sav- 
i n g  r a t i o s  i s  t h e  ex tended  l i n e a r  e x p e n d i t u r e  sys tem.  The s av ing  
r a t i o  i n  t h i s  sys tem i s  de te rmined  by t h e  supernumerary income 
r a t i o  and t h e  m ar g i n a l  p r o p e n s i t y  t o  consume (assumed t o  be f i x e d  
a t  t h e  r a t i o  of  t h e  p e r s o n a l  d i s c o u n t  r a t e  and t h e  marke t  i n t e r -  
est  r a t e ) .  Th i s  i s  a  n i c e  f e a t u r e  f o r  s h c r t - t e r m  o r  c r o s s - s e c t i o n  
a n a l y s e s .  For t h e  long- term s i m u l a t i o n ,  however, t o  assume t h a t  
t h e  marg ina l  p r o p e n s i t y  t o  consume and t h e  amount o f  b a s i c  mini-  
mum bundles  a r e  f i x e d  may b e  s u b j e c t  t o  c a r e f u l  examina t ion .  I f  
t h e s e  assumpt ions  d i d  n o t  s e e m  t o  ho ld ,  t h e  endogenous s a v i n g  
cou ld  do more harm t h a n  good. Th i s  i s  why t h e  ELES h a s  n o t  been 
chosen a s  a  sys tem f o r  t h e  b a s e  s i m u l a t i o n ,  a l t h o u g h  t h e  u s e  o f  
i t s  modif ied  v e r s i o n  i s  n o t  exc luded  from f u t u r e  work, e s p e c i a l l y  
f o r  t h e  dynamic s t u d y  o f  demand. 
3 . 6 . 2 .  Demographic V a r i a b l e s  
I t  is  i m p o r t an t  t h a t  t h e  l i n k s  between demographic and econ- 
omic f e a t u r e s  be  i n c l u d e d  i n  o u r  model. One o f  t h e  more impor t a n t  
such l i n k s  e x i s t s  i n  household  consumption demand, i . e . ,  d i f f e r e n t  
demographic c h a r a c t e r i s t i c s  o f  households  a r e  h i g h l y  l i k e l y  t o  
*Landlords and c a p i t a l i s t s  a r e  cons ide r ed  s i m i l a r  due t o  t h e  
f a c t  t h a t  many l a n d l o r d s  were a b s e n t e e  l a n d l o r d s  l i v i n g  i n  urban 
a r e a s ,  o r  many d i d  become c a p i t a l i s t s  by i n v e s t i n g  i n  nonag r i cu l -  
t u r a l  s e c t o r s .  
a f f e c t  t h e i r  p a t t e r n s  o f  demand. These f e a t u r e s  i n c l u d e  t h e  num- 
b e r  of  f a m i l y  members, t h e  number o f  c h i l d r e n ,  and t h e  age  and 
s e x  of  f a m i l y  heads ,  e tc .  There have been some promis ing  a t t e m p t s  
t o  i n c o r p o r a t e  demographic v a r i a b l e s  i n t o  comple te  demand sys tems 
such a s  LES o r  QES ( Q u a d r a t i c  Expend i tu re  System) (see, f o r  example, 
P o l l a k  and Wales 1 9 7 8 )  , and f l e x i b l e  sys tems .  
With AIDS, however,  some demographic v a r i a b l e s  c o u l d  be  i n -  
c o r p o r a t e d  i n t o  t h e  demand e q u a t i o n s  d i r e c t l y  i n  t h e  f o l l o w i n g  
manner 
where h  i s  household  i n d e x  and t h e  new v a r i a b l e  kh i s  i n t e r p r e t e d  
h h  
a s  some measure o f  f a m i l y  s i z e ,  t h u s  E /k would be ,  a c c o r d i n g  t o  
Deaton and Muel lbauer  , t h e  "needs-corrected-per-capi t a - e x p e n d i t u r e  " 
l e v e l .  
3 . 6 . 3 .  Dynamic F e a t u r e s  
There i s  no deny ing  t h a t  t h e  s t a t i c  consumption s p e c i f i c a -  
t i o n  d e s c r i b e d  above h a s  a s e r i o u s  problem i n  t h a t  it i g n o r e s  a l l  
dynamic a s p e c t s .  F o r  example,  i t  would be  n i s l e a d i n g  t o  c o n s i d e r  
t h e  purchase  o f  consumers1  d u r a b l e s  a s  t h e  consumption o f  t h e s e  
d u r a b l e s .  W e  must a l s o  c o n s i d e r  h a b i t  f o r m a t i o n  e f f e c t s ,  o r  
" i n v e n t o r y "  a d j u s t m e n t  b e h a v i o r ,  a s  w e l l  a s  changes  i n  t a s t e  o v e r  
a  long  t i m e  p e r i o d .  One s u s p e c t s  t h a t  a  p a r t  o f  t h e  r e a s o n  many 
economet r i c  s t u d i e s  r e j e c t  homogeneity o r  o t h e r  a s sumpt ions  de- 
r i v e d  from t h e  c o n s u m e r l s  t h e o r y  i s  because  t h e y  i g n o r e  such dy- 
namic f e a t u r e s .  
I n  t h e  f i r s t  s t a g e  o f  t h i s  c a s e  s t u d y ,  however, w e  s h a l l  o n l y  
t a k e  i n t o  a c c o u n t  change o f  t a s t e  o v e r  t h e  l o n g  r u n .  W e  s p e c i f y  
t h e  t r e n d  change o f  p a r a m e t e r s  i n  t h e  f o l l o w i n g  way: 
o r  t h e  pa ramete r  X (any p a r a m e t e r )  i s  decomposed i n t o  t h e  base  
y e a r  v a l u e  X i 9 0  and t h e  t r e n d  p a r t  X i ( t ) .  Xi can  b e  p o s i t i v e  o r  
n e g a t i v e  . 
* 3.7 .  R e l a t i o n s  w i t h  t h e  R e s t  of  t h e  World 
3 . 7 . 1 .  Expor t  
There i s  no doub t  t h a t  e x p o r t  h a s  p layed  an  i m p o r t a n t  and 
**  
a c t i v e  r o l e  i n  J a p a n e s e  economic growth. A s  a resource -poor  
c o u n t r y ,  J a p a n  h a s  t o  impor t  raw m a t e r i a l s  and e x p o r t  manufac- 
t u r e d  goods. A s  d e s c r i b e d  i n  d e t a i l  i n  c h a p t e r  2 ,  however, 
t h e  compos i t ion  o f  t h e  t r a d e  k e p t  on changing;  e x p o r t s  s t a r t e d  
from raw s i l k  i n  t h e  e a r l y  M e i j i  p e r i o d ,  t h e n  l a t e r  o t h e r  t e x -  
t i l e  e x p o r t s  i n c r e a s e d  and f i n a l l y  from t h e  1920s o n ,  t h e  e x p o r t  
o f  machinery and o t h e r  h e a v i e r  i n d u s t r i a l  p r o d u c t s  began t o  show 
a d i s t i n c t  r a t e  o f  i n c r e a s e .  I t  is  a l s o  notewor thy t h a t  a l l  t h e  
e x p o r t s  were preceded by i m p o r t s  i n  t h e  i m p o r t - s u b s t i t u t i o n  
phase ,  i . e . ,  t h e  s o - c a l l e d  "wi ld-geese-format ion ."  
Th i s  b r i e f  r ev iew c l e a r l y  shows t h a t  a mere v e n t  f o r  s u r p l u s  
s p e c i f i c a t i o n  i s  n o t  enough f o r  a  model o f  Japan ,  much less f o r  
t h e  exogenous e x p o r t .  I s h a l l  propose  t h e r e f o r e  t o  u s e  t h e  
* * *  
Armington s p e c i f i c a t i o n  (Armington 1969) . 
W 
J e x  "i 
EXi = Ci 
where 
EXi = e x p o r t  o f  sector i 
cX = c o n s t a n t  f o r  t h i s  sector i 
(WT) = t o t a l  amount of t h e  wor ld  t r a d e  o f  t h i s  s e c t o r  goods i 
*Taiwan and Korea came under Japanese  r u l e  i n  1896 and 
1910, r e s p e c t i v e l y .  Even under  t h e  Japanese  r u l e  t h e y  a r e  con- 
s i d e r e d  a s  a  p a r t  o f  t h e  res t  o f  t h e  wor ld ,  t h e r e b y  making t h e  
t r a d e  w i t h  them a p a r t  o f  f o r e i g n  t r a d e  (see s e c t i o n  3 . 7 . 4 . ) .  
**There has  been a l o n g  argument a s  t o  whether  J a p a n e s e  
economic growth was a c t u a l l y  e x p o r t - l e d .  The argument  i s  incon-  
c l u s i v e ,  b u t  Dohner (1979) s u g g e s t s  t h a t  i n  pre-World Mar I1 
Japan ,  growth was e x p o r t - l e d ,  and i n  post-World War 11 J a p a n ,  
e x p o r t  was e x p o r t - p r i c e - l e d  i n  t h e  s e n s e  o f  Cave ' s  d e f i n i t i o n  
(Cave 1971) .  
***The a c c o u n t i n g  c o n s i s t e n c y  i s  main ta ined  by assuming 
government ' s  t r a d e  a r b i t r a g e s .  Other  s p e c i f i c a t i o n s ,  s u c h  a s  
t h e  u s e  o f  a  h y p o t h e t i c a l  composi te  good o f  imported and domes- 
t i c a l l y  produced goods w i l l  be used i n  t h e  f u t u r e .  
p T X  = Japanese  e x p o r t  p r i c e  of s e c t o r  i 
= world p r i c e  o f  s e c t o r  i 
qW = t h e  e l a s t i c i t y  of  s u b s t i t u t i o n  i n  t h e  i good world i * 
market  
T = exchange r a t e  
Th i s  i s  a  l o g i c a l  s p e c i f i c a t i o n  t o  u se  because  o f  t h e  d i v e r -  
gences  between domes t ic  p r i c e s ,  e x p o r t  p r i c e s ,  and world p r i c e s  
t h a t  a r e  appa ren t  i n  t h e  pre-World Warn  p e r i o d  a s  shown i n  F i g u r e  
2 .  Also,  i f  w e  s t u d y  t h e  movement o f  p r i c e s  of  e ach  p roduc t ,  w e  
can see t h a t  between 1900-1930, domest ic  p r i c e s  i n c r e a s e d  ( r e l a -  
t i v e  t o  average)  f o r  food p roduc t s  and decreased  f o r  c e r amics ,  
chemica l s ,  m e t a l s ,  and t e x t i l e s .  These w e r e  passed  on t o  t h e  
e x p o r t  p r i c e s .  On t h e  o t h e r  hand, t h e  import  p r i c e  i n c r e a s e d  
f o r  ceramics  and machinery,  and dec rea sed  f o r  chemica l s ,  food,  
and me ta l s  (see Table  3 ) .  
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Source: LTES Volume 1 4  
Figu re  2 .  Domestic,  e x p o r t ,  impor t ,  and :.rorld t r a d e  p r i c e s  
f o r  manufac tu r ing  goods ( s even  y e a r  moving a v e r a g e ) .  
*This e l a s t i c i t y  o f  s u b s t i t u t i o n  comes from t h e  Armington 
CES s p e c i f i c a t i o n  f o r  u t i l i t i e s  t h a t  can  be  ach ieved  by consum- 
i n g  p roduc t s  of  t h e  same k ind  b u t  of  d i f f e r e n t  o r i g i n s ,  e . g . ,  
c l o t h e s  from t h e  UK and c l o t h e s  from Singapore .  
Table  3 .  P e r c e n t  change i n  p r i c e s  of  p r o d u c t s  between t h e  1900s 
and 1930s.  
I n c r e a s e  Average Decrease  
10% o r  more Average 10% o r  more 
above a v e r a g e  2 10% below a v e r a g e  
Domestic Wood p r o d u c t s  Machinery 
Food p r o d u c t s  
M i s c e l l a n e o u s  
Expor t  Wood p r o d u c t s  Machinery 
Food p r o d u c t s  Metal 
Chemicals  Ceramics 
Import  Ceramics T e x t i l e s  
Machinery 




T e x t i l e s  
T e x t i l e s  
Misce l l aneous  
Wood p r o d u c t s  
Chemicals  
Food p r o d u c t s  
Metal  
Source:  LTES Volume 14.  
From t h i s  t a b l e ,  it i s  a p p a r e n t  t h a t  c e r a m i c s ,  t e x t i l e s ,  and 
machinery had p r i c e  changes  f a v o r i n g  e x p o r t s ,  w h i l e  food and wood 
i m p o r t s  were bound t o  i n c r e a s e .  Together  w i t h  t h i s ,  a  c a l c u l a -  
t i o n  o f  t h e  wor ld  p r i c e  and t h e  t o t a l  wor ld  t r a d e  ( a n  approxima- 
t i o n  f o r  world demand) would d e t e r m i n e  t h e  e x p o r t  o f  J a p a n e s e  
goods.  I t  i s  e a s y  t o  b r i n g  i n  more complex i ty  by c o n s i d e r i n g  t h e  
f o r m a t i o n  o f  t h e  yen-block w i t h  d i f f e r e n t  e l a s t i c i t i e s  f o r  t h e  
b lock  c o u n t r i e s .  But f o r  o u r  purpose  h e r e ,  i t  s h o u l d  be enough 
t o  c o n s i d e r  o n l y  t h e s e  p u r e l y  econgmic f a c t o r s .  
3 .  7. 2. Imports 
Impor ts  a r e  a  m i r r o r  image o f  e x p o r t s  i n  a  s e n s e  t h a t  t h e y  
a regoodsdemanded  by J a p a n e s e  from t h e  rest o f  t h e  wor ld .  I n  
d e v e l o p i n g  c o u n t r i e s ,  t h e r e  a r e  many goods t h a t  canno t  be  produced 
d o m e s t i c a l l y  b u t  a r e  needed t o  m a i n t a i n  and expand t h e  economy. 
These a r e  c a l l e d  n o n c o m p e t i t i v e  i m p o r t s .  They w i l l  be t r e a t e d  a s  
a  f u n c t i o n  o f  t o t a l  o u t p u t s  and t h e  Armington s p e c i f i c a t i o n  w i l l  
n o t  be  used.  
For competitive imports, i.e., goods that can be supplied 
within the country but are nevertheless imported, the Armington 
specification is employed. Therefore, for noncompetitive im- 
ports : 
W FNC M~~ = 1 aoj Q .  po T(I + t 
j 3 
Here aoi (the input-output coefficient) can vary over time and 
should for a long term analysis. Also, dividing a into the 
0 j 
sectors of origin, e.g., using a as noncompetitive imports of 
oi j 
good i to sector j, is possible for the post-World War I1 period 
tFNC is the tariff rate on noncompetitive imports. 
In general it is assumed, for the periods concerned, that 
raw materials and intermediate goods are noncompetitive. Compet- 
itive imports are therefore finished products (consumer goods). 
The specification of competitive imports is, 
where 
Di = total domestic demand 
P! = world import price 
Pi = domestic price 
FC 
t(i) = tariff rate on competitive imports (see footnote p.22) ir = elasticity (see footnote p. 36) 
Then the trade deficit is 
which is defined as foreign saving 
TD = FS 
def 
T h i s  i s  assuming t h a t  t h e  t r a d e  d e f i c i t  is  covered  by some means 
o f  f o r e i g n  c a p i t a l  i n f l o w ,  which was, i n  g e n e r a l ,  t h e  c a s e .  T h i s  
a s p e c t  i s  b r i e f l y  mentioned below. 
3 .  7 . 3 .  C a p i t a l  M o v e m e n t s  
C a p i t a l  movements a r e  t r e a t e d  r e s i d u a l l y  o r  exogenously .  I t  
i s  n o t  t h a t  t h e y  were unimpor tan t .  On t h e  c o n t r a r y ,  d e s p i t e  t h e  
g e n e r a l  b e l i e f  t h a t  t h e y  w e r e  unimpor tan t  f o r  J a p a n ,  Yamazawa 
and Yamamoto (1979) f i n d  t h a t  growth i s  accompanied by s i g n i f i -  
c a n t  i n c r e a s e s  o f  c a p i t a l  i n f l o w  t o  f i n a n c e  t h e e x c e s s  demand 
(see a l s o  Key 1 9 7 0 ) .  But  I s h a l l  t a k e  it  as r e s i d u a l l y  d e t e r -  
mined from t h e  c u r r e n t  d e f i c i t , b e c a u s e  t h e  sum o f  long-  and s h o r t -  
t e r m  c a p i t a l  i n f l o w s  more o r  less o f f s e t  t h e  c u r r e n t  d e f i c i t  
e v e r y  y e a r .  O t h e r  c a p i t a l  f lows  are t a k e n  as exogenous because  
of t h e i r  one-shot  n a t u r e ,  f o r  example, w a r  r e p a r a t i o n s .  
3 . 7 . 4 .  T a i w a n  a n d  K o r e a  
Even though Taiwan and Korea are t r e a t e d  a s  among t h e  "rest 
o f  t h e  wor ld"  i n  o u r  model,  it is probab ly  wor thwhi le  t o  r ev iew 
t h e  r o l e s  t h e y  p l a y e d  i n  forming t h e  Zapanese t r a d e  p a t t e r n s  i n  
a n t i c i p a t i o n  o f  f u t u r e  s t u d i e s .  Trade  w i t h  t h e s e  two c o u n t r i e s  
i n c r e a s e d  r a p i d l y  a f t e r  t h e y  came under  J a p a n e s e  r u l e ,  and t h e y  
were g i v e n  d i f f e r e n t  r o l e s  from t h e  J a p a n e s e  p o i n t  o f  view. 
( 1 )  Taiwan w a s  r e g a r d e d  as  a s u p p l i e r  o f  food and r a w  
m a t e r i a l s  t o  Japan  and t h e r e f o r e  had a lways  a p o s i -  
t i v e  s u r p l u s  w i t h  h e r  t r a d e  w i t h  J a p a n .  
( 2 )  Korea, i n  t u r n ,  w a s  g i v e n  a r o l e  o f  a  market  f o r  
J a p a n e s e  p r o d u c t s ,  w i t h  t h e  e x c e p t i o n  o f  rice 
* 
e x p o r t s  t o  J a p a n  i n  1918 t o  1930. 
*This  was a t y p i c a l  f o r c e d  famine e x p o r t .  A s  d e s c r i b e d  be- 
f o r e  t h i s  had d i f f e r e n t  socioeconomic i m p l i c a t i o n s  t o  Japan  it- 
s e l f .  Tha t  i s ,  it s t a b i l i z e d  t h e  urban u n r e s t  caused  b y  h i g h e r  
food p r i c e s ,  b u t  a t  t h e  same t i m e  it a c c e l e r a t e d  t h e  d e c l i n e  o f  
J a p a n ' s  a g r i c u l t u r e  th rough  c o m p e t i t i o n  by o f f e r i n g  food a t  
cheaper  p r i c e s .  
Trade  w i t h  Taiwan and Korea a l s o  d i f f e r e d  i n  t h a t  o n l y  yen 
were used  as payment; t h e r e  w a s  no i n c r e m e n t a l  demand/supply of  
f o r e i g n  exchange.  
3.8.  Government 
Many o f  t h e  government a c t i v i t i e s  have a l r e a d y  been s t u d i e d  
i n  s e c t o r s  f o r  p r o d u c t i o n  and i n v e s t m e n t ,  e . g . ,  r a i l w a y s ,  power 
g e n e r a t i o n ,  government f a c t o r i e s ,  e tc .  The r e s t  o f  t h e  govern- 
ment a c t i v i t i e s  are c o n s i d e r e d  a s  exogenous.  They a r e  
( 1 ) Nonmi l i t a ry  government consumption 
( 2  ) Nonmi l i t a ry  government i n v e s t m e n t  ( g e n e r a l  i n f r a -  
s t r u c t u r e ,  a g r i c u l t u r a l  i n v e s t m e n t ,  b u i l d i n g s ,  
f u r n i t u r e ,  n a t u r a l  d i s a s t e r  r e c o n s t r u c t i o n )  
( 3 )  T r a n s f e r s  t o  households  
* ( 4 )  S u b s i d i e s  t o  v a r i o u s  p r i v a t e  sectors 
( 5 )  T r a n s f e r s  t o  t h e  rest of  t h e  wor ld  
* *  ( 6 )  M i l i t a r y  e x p e n d i t u r e  
T h e r e f o r e ,  t h e  government e x p e n d i t u r e  i s  
E c - +FI GT = 1 Pi Gi + WG + 1 THh + 1 Oi + MIL + GpRIV 
i h  i 
where 
GE = t o t a l  government e x p e n d i t u r e  T 
P: = p u r c h a s e r  ' s p r i c e  o f  s e c t o r  i good 
Gi = p u r c h a s e  by government from s e c t o r  i f o r  consumption 
E 
o r  i n v e s t m e n t  ( n o t  i n c l u d e d  i n  GpRIV) 
WG = wage b i l l  of  t h e  government 
THh = t r a n s f e r  t o  household  of l a b o r  t y p e  h  
Oi = s u b s i d i e s  t o  s e c t o r  i 
*This  i n c l u d e s  t h e  t r a d e  a r b i t r a g e s  by t h e  government.  
**There a r e  v a r i o u s  i n t e r p r e t a t i o n s  on economic c o n t r i b u -  
t i o n s  of m i l i t a r y  e x p e n d i t u r e .  I t  i s  s imply  assumed h e r e ,  t h a t  
it i s  nonproduc t ive  spend ing  synonymous t o  consumption.  
- 
MIL = n i l i t a r y  e x p e n d i t u r e  
E 
G~~~~ = a l l  c u r r e n t  and c a p i t a l  e x p e n d i t u r e s  p a i d  by t h e  
government f o r  r a i l w a y s ,  s h i p s ,  government f a c t o r i e s ,  
power s t a t i o n s ,  etc .  (endogenous)  
- 
F I  = f o r e i g n  i n v e s t m e n t  
The i n f r a s t r u c t u r e  and a g r i c u l t u r e  inves tment  a r e  assumed t o  ac-  
* 
c e l e r a t e  t h e  Hicks n e u t r a l  t e c h n i c a l  p r o g r e s s .  Government 
R 
revenue ( G  ) h a s  a  more c o m p l i c a t e d  form, b u t  a  more s t r a i g h t -  
forward  i n t e r p r e t a t i o n :  
I E i v  L Civ  
+ 1 - tri KEimV + tr 1 - tri K C i e V  1 
+ tr + tU W tFNC a 
x Xa x Xg + ! $ 'i (i) o i j  Qj T 1 3  
*From t h e  p o i n t  o f  view o f  t h e  g e n e r a l  e q u i l i b r i u m  frame- 
work, however, t h e s e  a r e  v e r y  d i f f i c u l t  i t e m s  f o r  u s  t o  a s s i g n  t o  
any s p e c i f i c  s e c t o r s ,  even  f o r  a g r i c u l t u r a l  i n f r a s t r u ~ t u r e ~ b e -  
c a u s e  t h e  i n f r a s t r u c t u r e  inves tment  would i n f l u e n c e  a l l  s e c t o r s ,  
a l b e i t  uneven ly ,  and t o  s a y  t h a t  " h a r b o r s "  a r e  c a p i t a l  s t o c k  f o r  
manufac tu r ing  o r  t h a t  r u r a l  r o a d s  a r e  c a p i t a l  s t o c k  o f  o n l y  ag- 
r i c u l t u r e  is l i k e l y  t o  b r i n g  i n  a n  unwanted b i a s  i n t o  t h e  whole 
p i c t u r e .  I assume t h e r e f o r e  t h a t  t h e s e  i n f r a s t r u c t u r e  i n v e s t -  
ments  a f f e c t  t h e  p r o d u c t  augmenting t e c h n o l o g i c a l  change.  There- 
f o r e ,  f o r  example, assuming G I j  a s  government i n v e s t m e n t  i n a r e a  j 
Ai-l > 0 > A i . 2  = f o r  i = urban  s e c t o r s  
Ai.  > Ai.l = > 0 f o r  i = a g r i c u l t u r e  
where 
= p a r t i a l  d e r i v a t i v e  o f  A w i t h  r e s p e c t  t o  t h e  k t h  A i - k  i 
argument 
The i n s i d e  o f  t h e  p a r e n t h e s e s  and tw and W G  a r e  what  employ- 
ers h a v e  t o  pay:  s o c i a l  s e c u r i t y  c o n t r i b u t i o n s  a n d  p r o f i t  t a x .  
- - 
The n e x t  t e r m ,  1 Pi t td Qi i s  t h e  i n d i r e c t  t a x  where a p p l i e d .  
; 
A 
The f o l l o w i n g  t w o  terms a r e  income t a x  f o r  u n s k i l l e d  and  s k i l l e d  
worke r s  ( a g r i c u l t u r a l  l a b o r  i s  c o n s i d e r e d  u n s k i l l e d  w i t h  v e r y  
r u  l i t t l e ,  i f  any, income t a x ) .  The n e x t  t w o  terms t 
X x, and  tx x9 
a r e  a g r i c u l t u r a l  and u r b a n  l a n d  t a x .  The n e x t  t w o  a r e  t a r i f f  
- 
income f o r  n o n c o m p e t i t i v e  and c o m p e t i t i v e  i m p o r t s .  F i n a l l y ,  F 
* 
i s  t h e  exogenous ly  g i v e n  f o r e i g n  c a p i t a l  i n f l o w .  
GS = government  s a v i n g  
3.9.  Housing and  Urban Land 
A s i m p l e  framework f o r  s t u d y i n g  h o u s i n g  demand a n d  h o u s i n g  
i n v e s t m e n t  i s  p r e s e n t e d  h e r e .  The l a n d  a v a i l a b i l i t y  c o n s t r a i n t  
i s  imposed o n l y  o n  u r b a n  a r e a s .  A f l a t  u r b a n  r e n t  w i l l  b e  a s -  
sumed a s  i n  K e l l e y  and  Wi l l i amson  ( 1 9 8 0 ) .  The i n c o r p o r a t i o n  o f  
non-zero  s l o p e d  u r b a n  r e n t  g r a d i e n t s  i s  p o s s i b l e ,  b u t  w i t h  t h e  
h e l p  o f  h i g h l y  u n r e a l i s t i c  a s s u m p t i o n s .  T h i s ,  t h e r e f o r e ,  would 
n o t  b e  t r i e d  a t  f i r s t ,  and  t h e  framework o f  t h e  a p p r o a c h  i s  d e s -  
c r i b e d  i n  Appendix 3 .  I n  t h e  f i r s t  c a s e  o f  f l a t  r e n t  g r a d i e n t s ,  
t h e  s i z e  o f  u r b a n  a r e a s  ( s u p p l y  of  u r b a n  l a n d )  h a s  t o  be e i t h e r  
g i v e n  f rom t h e  e q u i l i b r i u m  o f  demand f o r  u rban-use  and  a g r i c u l -  
t u r a l - u s e  l a n d  or  g i v e n  e x o g e n o u s l y .  
* * 
From t h e  r e n t a l  f l o w  a c c o u n t i n g  e q u a t i o n  f o r  u r b a n  h o u s i n g  
w e  have  : 
- 
*The p o s s i b i l i t y  o f  a  p a r t  o f  and  t h e  new d e b t  s p e n t  a s  
consumpt ion  i s  d i s r e g a r d e d .  
**This  c o u l d  b e  a  m i s s p e c i f i c a t i o n  b e c a u s e  t h e  m o s t  e m p i r i -  
c a l  s t u d i e s  seem t o  i n d i c a t e  e l a s t i c i t i e s  o f  f a c t o r  s u b s t i t u t i o n  
i n  t h e  ne ighborhood  o f  0 .5  (DeLeeuw and Ekanem 1971,  Muth 1 9 6 8 ) .  
W e  s h o u l d  b e  r e a d y  t o  change  t h i s  f u n c t i o n  t o  a  CES a f t e r  more 
e x a m i n a t i o n  o f  t h e  d a t a .  
- 4 4 -  
t h e  h o u s i n g  p r i c e  i s  d e r i v e d  a s  
Min (rC9 KC9 + rX9 x g )  
Then 
- 1 - B 9 9  9  9 9  - ( I - B  1 ( 1 - B  1 (rC9) ( rxg)  ( 1 - B  ) ,  TPg = A g  ( 6 9 )  0 9  
where  TPg i s  t h e  p r i c e  o f  t h e  t o t a l  h o u s i n g ,  s e t t i n g  
From t h e  AIDS demand f u n c t i o n  
Demands f o r  s t r u c t u r e  and  l a n d  a r e  ( D  d e n o t e s  demand) 
Assume r ( - 1 )  a n d  rCg(-1) a r e  e q u i l i b r i u m  r a t e s  o f  r e t u r n  
x9 
i n  t h e  p r e v i o u s  p e r i o d ,  which  g i v e  t h e  h o u s i n g  c o s t  a t  P  ( - 1 ) .  9  
Then, m i g r a n t s  a n d  t h e  n a t u r a l  i n c r e a s e  o f  t h e  u r b a n  p o p u l a t i o n  
of  t h e  p r e v i o u s  p e r i o d  i n c r e a s e  t h e  demand f o r  h o u s i n g .  The de-  
p r e c i a t i o n  o f  t h e  h o u s i n g  s t o c k  d e c r e a s e s  t h e  s u p p l y ,  i n  t h e  ab-  
s e n c e  o f  new i n v e s t m e n t ,  which  i n  t u r n  r a i s e s  t h e  h o u s i n g  p r i c e .  
W e  now t u r n  t o  t h e  supp ly  s i d e  o f  hous ing ,  which remains  
t h e  c r i t i c a l  unknown among urban economis t s .  W e  w i l l ,  however, 
proceed i n  a v e r y  s t r a i g h t f o r w a r d  manner. I t  w i l l  be assumed 
t h a t  : 
( 1 )  Housing s t r u c t u r e s  a r e  comple te ly  m a l l a b l e .  
( 2 )  The u rban  l a n d  i s  g i v e n  exogenously  t o  hous ing  
i n v e s t o r ' s  d e c i s i o n s .  
( 3 )  Urban l a n d l o r d s  i n v e s t  i n  hous ing  s t r u c t u r e s  
t h a t  everybody r e n t s .  
( 4 )  L a n d l o r d s a r e m o r e  r i s k  a v e r s e  i n  t h e i r  i n v e s t -  
ment b e h a v i o r s .  
Landlords  i n v e s t  i n  hous ing s t r u c t u r e s  i f  t h e  r e n t a l  s t r e a m  
w i l l  g i v e  them h i g h e r  expec ted  r a t e s  of  r e t u r n  t h a n  t h e  expec ted  
r a t e  of  r e t u r n  on  o t h e r  i n v e s t m e n t  o p p o r t u n i t i e s .  T h i s  e x p e c t e d  
r a t e  of r e t u r n  ( 1 )  i s  assumed t o  b e  lower t h a n  t h e  a v e r a g e  of  a l l  
c a p i t a l  r e t u r n s  d u e  t o  t h e  r i s k - a v e r s e  n a t u r e  of  l a n d l o r d s .  The 
e x p e c t a t i o n  o f  r e n t s  formed by l a n d l o r d s  a r e  a l s o  s i m p l e  and my- 
o p i c  
where t h e  sub- and s u p e r - s c r i p t s  a r e  s u p p r e s s e d .  Then 
i s  n e c e s s a r y  f o r  them t o  i n v e s t  i n  hous ing  assuming t h a t  t h e i r  
e x p e c t a t i o n  o f  t h e  s t r u c t u r e s '  l i f e t i m e  i s  f a i r l y  l o n g ,  where 
T = maintenance  c o s t  
RC9 = c o s t  o f  b u i l d i n g  urban housing s t r u c t u r e  
P = p r i c e  o f  l a n d  
X 
% x P t h i s  can  be  reduced t o :  However, because  % 
X I  
where 
T h e r e f o r e ,  t h e  c o n s t r u c t i o n  o f  new h o u s i n g  b r i l l  c o n t i n u e  u n t i l  
o r  u n t i l  a l l  t h e  demand is  m e t  by e x i s t i n g  s u p p l y .  Thus, a t  t h e  
end o f  e v e r y  p e r i o d ,  m i g r a n t s  move w i t h  t h e  e x p e c t a t i o n  t h a t  l a n d  
and s t r u c t u r e  r e n t s  w i l l  be  t h e  same i n  t h e  f u t u r e  a s  t h e  l a s t  
p e r i o d ,  and l a n d l o r d s  i n v e s t  i n  s t r u c t u r e  i n  a c c o r d a n c e  w i t h  
t h e i r  e x p e c t a t i o n s  on r e n t s  and o t h e r  p r o f i t  o p p o r t u n i t i e s .  The 
r e s u l t i n g  s u p p l y  and demand would d e t e r m i n e  t h e  r e n t s  f o r  t h i s  
p e r i o d .  
T h i s  i n v e s t m e n t  i n  hous ing  i s  assumed t o  be  f i n a n c e d  by t h e  
l a n d l o r d ' s  own s a v i n g  o r  borrowing from f a m i l y  members i n  t h e  
pre-World War I1 p e r i o d s  and t h u s  a v o i d s  t h e  problem c r e a t e d  by 
t h e  a s sumpt ion  t h a t  1 is  less t h a n  t h e  marke t  r a t e  o f  i n t e r e s t .  
I n  t h e  post-World War I1 p e r i o d ,  however, t h e  s p e c i f i c a t i o n  s h o u l d  
be t h a t  t h e  hous ing  i n v e s t m e n t  competes  f o r  f u n d s  w i t h  o t h e r  i n -  
v e s t m e n t s .  
The supp ly  o f  new urban  l a n d  on  t h e  o t h e r  hand i s  d e t e r m i n e d  
by ex p o s t  compar i sons  between t h e  a g r i c u l t u r a l  r e n t  and t h e  u rban  
l a n d  r e n t  o f  t h e  p r e v i o u s  p e r i o d .  Thus t h e  l a n d  r e n t  would be 
d e t e r m i n e d  by two d e r i v e d  demand f u n c t i o n s :  one  f o r  a g r i c u l t u r a l  
l a n d  and t h e  o t h e r  f o r  u rban  l a n d ,  o r  t h e  t h r e e  e q u a t i o n s  
would s o l v e  t h e  l a n d  a l l o c a t i o n  between t h e  urban and a g r i c u l -  
t u r a l  u s e r s .  
3.10.  Human C a p i t a l  Inves tment  
There a r e  t h r e e  ways of i n v e s t i n g  i n  human c a p i t a l  f o r  a n  
economy. One i s  t h r o u g h  fo rmal  s c h o o l i n g ,  which enhances  t h e  
g e n e r a l  l e v e l  o f  human c a p i t a l  f o r  t h e  whole economy. Another  
way i s  on- the- job  t r a i n i n g  where workers  pay-"general  t r a i n i n g m -  
because  t h e y  c o u l d  u s e  t h a t  t r a i n i n g  i n  o t h e r  f i r m s .  S t i l l  a  
t h i r d  way i s  t h e  on- the- job  t r a i n i n g  where t h e  c o s t  i s  covered  
by t h e  employers  because  o f  t h e  f i r m - s p e c i f i c  n a t u r e  of t r a i n i n g .  
I n  t h e  model,  it i s  assumed t h a t  a l l  fo rmal  s c h o o l i n g  is 
p a i d  f o r  by governments  and a l l  on- the- job  t r a i n i n g  i s  f i rm-  
s p e c i f i c .  
I n  t h e  modern s e c t o r s ,  b o t h  u n s k i l l e d  l a b o r  and s k i l l e d  l a b o r  
r e c e i v e  s p e c i f i c  t r a i n i n g .  F i r s t  t h e  f i r m  h a s  t o  pay Ti ( h i r i n g  
and t r a i n i n g  c o s t s )  f o r  e v e r y  u n s k i l l e d  l a b o r e r ,  which t h e  f i r m  
g a i n s  back a s  i n c r e a s e d  p r o d u c t i v i t y ,  u n l e s s  t h e  l a b o r e r  q u i t s .  
Hence t h e  s p e c i f i c a t i o n  o f  t h e  u s e r  c o s t  of  l a b o r  i n  s e c t i o n  3 . 4  
The s k i l l e d  1 a b o r e r s . a r e  t r a i n e d  from t h e  u n s k i l l e d ,  depend- 
i n g  on t h e  r a t e  o f  r e t u r n  on " s k i l l . "  F o r  new i n v e s t m e n t ,  t h e  
r e q u i r e d  s k i l l  i s  
where 
DDi = e x p e c t e d  e x c e s s  demand i n  s e c t o r  i 
= e f f i c i e n t  s k i l l - o u t p u t  r a t i o  i n  sector i (from 
ex a n t e  p r o d u c t i o n  f u n c t i o n )  
Next ,  it i s  assumed t h a t  " s k i l l "  i s  movable w i t h i n  a  s e c t o r  among 
v a r i o u s  v i n t a g e s .  Each v i n t a g e  would r e q u i r e  t h e  amounts o f  
s k i l l e d  and u n s k i l l e d  l a b o r  t h a t  would e q u a t e  t h e i r  c o s t  t o  t h e i r  
m a r g i n a l  p r o d u c t i v i t y ,  g i v e n  t h e  c a p i t a l  s t o c k s .  
e ' * v i  - e e a @ v i  e  
a sVi - qi  I P i  a L~~ = li 
The r e q u i r e d  amount o f  s k i l l  i n  e a c h  v i n t a g e  c a n  b e  o b t a i n e d  by 
s o l v i n g  t h e s e  two e q u a t i o n s  f o r  SVi and Lvi. Then t h e  t o t a l  new 
s k i l l  r e q u i r e m e n t  o f  t h e  s e c t o r  i i s  
where 
* 
'vi  = t h e  v a l u e  o f  S  from t h e  s o l u t i o n  o f  t h e  above two 
e q u a t i o n s  
A 
'vi  (-1) = t h e  t o t a l  s k i l l  employed f o r  v i n t a g e  v i n  t h i s  sec- 
t o r  i n  t h e  p r e v i o u s  p e r i o d  
N = t h e  v i n t a g e  o f  t h e  o l d e s t  machine i n  t h i s  p e r i o d  
N ( - 1 )  = t h e  v i n t a g e  o f  t h e  o l d e s t  machine  i n  t h e  l a s t  p e r i o d  
dS = t h e  r a t e  o f  r e t i r e m e n t  o f  t h e  s k i l l e d  l a b o r e r  
The c o s t  o f  s k i l l  t r a i n i n g  i s  assumed t o  b e  t h e  p r i c e  o f  
t h e  c a p i t a l  i n t e n s i v e  s e r v i c e  s e c t o r .  Thus ,  t h e  i n t e n d e d  i n v e s t -  
ment i n  s k i l l  i s  
T h i s  amount competes  w i t h  t h e  p r o d u c t i v e  i n v e s t m e n t .  The f i n a l  
A 
a c t u a l  i f ives tment  i n  s k i l l  (IS) i s  
where 
j = sectors 
SAV = savings available for skill and productive physical 
investment (E SAVTotal - 
'~ousin~ 1 
3.11. Savings 
It has been postulated that the saving propensities from 
various incomes are exogenously given, rather than determined by 
intertemporal utility maximization. Even this simple specifica- 
tion of exogenous propensities would have an adjustment mechanism 
of total saving if the saving propensity out of capital income 
were higher than that of wage income through the change in func- 
tional income distribution. It might make more sense, in any 
case, to assume a more explicit mechanism. It will be assumed 
therefore that the saving propensities out of capital income 
varies with the rate of return on capital in the previous period. 
Thus, saving ratio out of capital income of sector i 
and 
4 .  MODIFICATIONS AND EXTENSIONS 
The mode l  d e s c r i b e d  i n  t h e  l a s t  c h a p t e r  i s  a l r e a d y  h i g h l y  
a m b i t i o u s  i n  r i c h n e s s  o f  s p e c i f i c a t i o n ,  b u t  many o f  t h e  i m p o r t a n t  
f e a t u r e s  o f  d e v e l o p i n g  e c o n o m i e s  are  s t i l l  i n s u f f i c i e n t l y  d e v e l -  
o p e d .  They i n c l u d e :  
R u r a l - u r b a n  m i g r a t i o n  
Endogenous  t r a i n i n g  cost  
L a b o r  s u p p l y  
S i z e  d i s t r i b u t i o n  o f  income 
I n v e s t m e n t - s a v i n g  r e l a t i o n s h i p  
A g r i c u l t u r e  
I n f l a t i o n  
D i s e q u i l i b r i u m  
D y n a m i z a t i o n  
The f i r s t  f o u r  r e l a t e  t o  demography ,  w h i c h  i s  u n f o r t u n a t e  
f o r  a  mode l  p u r p o r t i n g  t o  s t u d y  demoeconomics .  Among them I c o n -  
s i d e r  t h e  r u r a l - u r b a n  m i g r a t i o n  a s  t h e  m o s t  i m p o r t a n t  a n d  i t s  
m o d i f i c a t i o n  i n  s p e c i f i c a t i o n  i s  r e l a t i v e l y  e a s y .  The f i f t h  f e a -  
t u r e  is  t h e  r e c u r r i n g  q u e s t i o n  o f  why i n v e s t m e n t  a n d  s a v i n g  h a s  
t o  b e  e q u a l ,  e s p e c i a l l y  when w e  e x c l u d e  t h e  i n v e n t o r y  a c c u m u l a t i o n  
f r o m  t h e  m o d e l .  T h i s  a l s o  re la tes  t o  d i s t r i b u t i o n  o f  i n c o m e ,  i f  
s a v i n g  t a k e s  t h e  f o r m  o f  l o w e r  real  wages  ( f o r c e d  s a v i n g ) .  The  
s i x t h  f e a t u r e ,  a g r i c u l t u r e ,  i s  w e a k l y  r e p r e s e n t e d  i n  t h e  model  
* 
a n d  t h e  s e v e n t h ,  money,  i s  a l m o s t  t o t a l l y  a b s e n t .  The  e i g h t h  
a n d  n i n t h  f e a t u r e s  w e  h o p e  t o  p u r s u e  i n  t h e  l o n g  r u n  a n d  are  n o t  
r e l a t e d  t o  t h e  e x t e n s i o n s  o f  t h e  mode l  i n  t h e  i m m e d i a t e  f u t u r e .  
4 . 1  . R u r a l - U r b a n  M i g r a t i o n  
T h i s  phenomenon i s  s p e c i f i e d  i n  t h e  m o d e l  o n l y  as  a f u n c t i o n  
o f  d i f f e r e n t i a l s  b e t w e e n  t h e  e x p e c t e d  u r b a n  wage a n d  t h e  a v e r a g e  
r u r a l  income ( T o d a r o  f r a m e w o r k ) .  S e l e c t i v e  m i g r a t i o n  a n d  f a r m e r ' s  
s u b j e c t i v e  e q u i l i b r i a  may a l s o  b e  i n c o r p o r a t e d  i n  some way, a l -  
t h o u g h  t h e  T o d a r o  f r a m e w o r k  h a s  p r o v e d  t o  b e  a u s e f u l  a n d  power-  
f u l  way o f  e x p l a i n i n g  n e t  i n t e r n a l  m i g r a t i o n .  
*The i n c l u s i o n  o f  " i n t e r e s t  r a t e "  i n  i n v e s t m e n t  d e c i s i o n  
means  money i s  i m p l i c i t  i n  t h e  m o d e l .  
S e l e c t i v e  m i g r a t i o n  e s s e n t i a l l y  means t h a t  t h o s e  who c o n s i d e r  
themselves  more l i k e l y  t o  succeed ( i n  terms o f  hav ing  h i g h e r  ex- 
p e c t e d  l i f e t i m e  income) i n  t h e  urban a r e a  a r e  more a p t  t o  m i g r a t e .  
Then t h i s  s t o r y  i s  j u s t  t h e  o t h e r  s i d e  o f  t h e  human c a p i t a l  s t o r y ,  
i . e . ,  a g e ,  e d u c a t i o n ,  s k i l l ,  and s e x ,  which changes  t h e  p r o b a b i l -  
i t y  o f  g e t t i n g  a h i g h e r  income i n  t h e  f u t u r e .  I f ,  t h e r e f o r e ,  
p e o p l e  a r e  r a t i o n a l  i n  t h a t  t h e y  s e e k  a  h i g h e r  l e v e l  o f  s a t i s f a c -  
t i o n  and t h a t  t h e  h i g h e r  l e v e l  o f  s a t i s f a c t i o n  i s  c o r r e l a t e d  w i t h  
a  h i g h e r  l e v e l  o f  income, a  random u t i l i t y  model c a n  be a p p l i e d  
* 
i n  t h e  s p e c i f i c a t i o n  o f  r u r a l - u r b a n  m i g r a t i o n .  T h a t  i s ,  a  l o g i t  
a n a l y s i s  can  b e  employed w i t h  assumed u t i l i t y  f u n c t i o n s  of  poten-  
t i a l  m i g r a n t s .  
One way, b u t  c e r t a i n l y  n o t  t h e  o n l y  way, t o  i n c o r p o r a t e  t h e  
s e l e c t i v i t y  would be  t o  estimate e a r n i n g  f u n c t i o n s  i n  u rban  areas 
w i t h  such  human a t t r i b u t e s  a s  a g e  and e d u c a t i o n  b e i n g  independen t  
v a r i a b l e s .  The u t i l i t y  a p e r s o n  g e t s  i s  j u s t  a monotonic f u n c t i o n  
of t h i s  e a r n i n g ,  t h e n  t h e  p r o b a b i l i t y  t h a t  a  p e r s o n  m i g r a t e s  ('ru) 
i s  
e 
U [ E ~  ( A g e ,  ~ g e *  , Ed, sex) ]  
- 
Pru 
u [ E ~ ( A ~ ~ ,  Age2, Ed, .Sex)]+ e ~ ( ~ r )  
e 
where 
~ ( 9 )  = assumed u t i l i t y  f u n c t i o n  
i E ( 0 )  = e a r n i n g s  i n  a r e a  i ,  i = urban ,  r u r a l  
Age = a g e  o f  p o t e n t i a l  m i g r a n t s  
Ed = e d u c a t i o n  o f  p o t e n t i a l  m i g r a n t s  
Sex = s e x  o f  p o t e n t i a l  m i g r a n t s  
*The u s e  of  an  o r d i n a r y  c o n d i t i o n a l  l o g i t  i s  enough h e r e  f o r  
t h e  assumed s i m p l i c i t y  o f  d e c i s i o n s :  t o  m i g r a t e  or t o  s t a y .  
There a r e  no a l t e r n a t i v e  d e s t i n a t i o n s  once  one  d e c i d e s  t o  migra te :  
he j u s t  g o e s  t o  a n  "u rban  a r e a . "  I f  t h e r e  i s  more t h a n  one  homo- 
geneous urban a r e a  assumed t o  be  p o s s i b l e  d e s t i n a t i o n s  f o r  m i -  
g r a n t s ,  n e s t e d  l o g i t  o r  p r o b i t  s h o u l d  be  employed t o  a v o i d  t h e  
"independence of  i r r e l e v a n t  a l t e r n a t i v e s "  assumpt ion .  
I £  t h e  d a t a  o n  d i s t r i b u t i o n s  o f  a g e  a n d  e d u c a t i o n a l  back-  
ground ( y e a r s  o f  e d u c a t i o n  c o m p l e t e d )  a r e  a v a i l a b l e ,  w e  c a n  ob- 
t a i n  t h e  t o t a l  m i g r a t i o n  f l o w  o f  e a c h  y e a r  by i n t e g r a t i n g  o r  
summing up o v e r  a l l  a g e s  and  e d u c a t i o n a l  backgrounds .  T h i s ,  o f  
c o u r s e ,  h i d e s  o t h e r  d i f f i c u l t  p rob lems ,  e s p e c i a l l y  t h e  f a c t  t h a t  
d i f f e r e n t  " k i n d s "  o f  m i g r a t i o n  may b e  a s s o c i a t e d  w i t h  d i f f e r e n t  
p r o b a b i l i t i e s  e v e n  w i t h  t h e  same human a t t r i b u t e s .  Fo r  example ,  
t h e r e  i s  a  d i s t i n g u i s h a b l e  d i f f e r e n c e  i n  a t t i t u d e  when a  whole 
f a m i l y  i s  m i g r a t i n g ,  o r  when o n l y  o n e  member o f  a  f a m i l y  i s  m i -  
g r a t i n g .  A l s o  t h e r e  i s  ample r e a s o n  t o  b e l i e v e  t h a t  a  d r a s t i c  
d i f f e r e n c e  e x i s t s  be tween  t h e  p r o b a b i l i t y  t h a t  a  f i r s t  s o n  w i l l  
m i g r a t e  and  t h e  p r o b a b i l i t y  t h a t  t h e  r e m a i n i n g  s i b l i n g s  w i l l  m i -  
g r a t e .  These  have  t o  b e  t a k e n  i n t o  a c c o u n t  f o r  a  f u l l e r  s p e c i -  
* 
f i c a t i o n  o f  m i g r a t i o n  s t u d i e s  i n  J a p a n .  
Ano the r  way o f  e x t e n d i n g  t h e  m i g r a t i o n  s p e c i f i c a t i o n  pro-  
posed  by Kaneda ( 1  979)  a n d  Ohkawa ( 1  980) i s  by u s i n g  s u b j e c t i v e  
e q u i l i b r i a .  K a n e d a ' s  a rgumen t  employs t h e  c o n c e p t  o f  m a r g i n a l  
v a l u a t i o n  o f  l a b o r ,  which  i s  e q u a l i z e d  t o  t h e  m a r g i n a l  p r o d u c t .  
Ohkawa's a rgument  i s  t h e  u s e  o f  a n  " i n d i f f e r e n c e  p o i n t "  be tween  
m i g r a t i n g  ( s h i f t i n g  t o  n o n a g r i c u l t u r a l  employment) a n d  s t a y i n g  
i n  f a r m i n g .  H e  p r o p o s e s  t h a t  t h e r e  e x i s t s  some c r i t i c a l  l e v e l  
o f  m a r g i n a l  p r o d u c t  i n  a g r i c u l t u r e  (KP ) and  i f  t h e  a c t u a l  mar- 8  
g i n a l  p r o d u c t i v i t y  (MP8) i s  below M"P p e o p l e  would m i g r a t e ,  b u t  8  ' 
i f  M P ~  - > M"P8, t h e n  p e o p l e  would r a t h e r  s t a y  i n  f a r m i n g .  H e  sees 
t h a t  M"P8 i s  r e l a t e d  t o  t h e  m a r k e t  wage r a t e  and  t h a t  a b o u t  6 0  
2 e r c e n t  o f  t h e  wage r a t e  i s  M7? 8 ' Accord ing  t o  t h i s  i d e a ,  and  
assuming  demand d e t e r m i n e s  m i g r a t i o n ,  m i g r a t i o n  would be  s p e c i -  
f i e d  a s  f o l l o w s :  
*The a rgumen t s  o f  u s i n g  random u t i l i t y  t h e o r y  p r e s u p p o s e s  
t h e  e x i s t e n c e  o f  i n d i v i d u a l  sample  d a t a  o r  s u f f i c i e n t  g e n e r a l  
d a t a .  
o t h e r w i s e  
The l a b o r - c a p i t a l  r a t i o  o f  t h e  b e s t - p r a c t i c e  f i r m s  ( A  means ex 
a n t e )  i s  w i t h i n  t h e  p a r e n t h e s e s ,  and 
W g t W U  = a g r i c u l t u r a l  and urban wage r a t e s  
QutLU,PU = some h y p o t h e t i c a l  ( f o r  e x p o s i t i o n )  u rban  o u t p u t ,  
u r b a n  l a b o r  f o r c e ,  and p r i c e  o f  u r b a n  o u t p u t .  ( I n  
t h e  model proposed h e r e ,  t h i s  a c t u a l l y  means some 
weigh ted  a v e r a g e  o f  v a r i o u s  u rban  s e c t o r s '  v a l u e  
f o r  m a r g i n a l  p r o d u c t s . )  
g  = t h e  n a t u r a l  growth r a t e  o f  u r b a n  l a b o r  f o r c e  
8 = t h e  r a t e  a t  which f a r m e r s  a r e  i n d i f f e r e n t  t o  
s t a y i n g  o r  m i g r a t i n g .  
A c t u a l l y  t h i s  c a n  b e  s t u d i e d  w i t h  a  v e r y  c l o s e  s p e c i f i c a t i o n  
t o  what h a s  been proposed above ( e q u a t i o n  8 ) ,  i f  w e  assume away 
t h e  i n s t a n t a n e o u s  a d j u s t m e n t - i . e . ,  a l l  newly c r e a t e d  j o b s  w i l l  
be f i l l e d  i n s t a n t a n e o u s l y  by migrants-and assume some speed  o f  
- 
a d j u s t m e n t ,  m. Then, 
But t h i s  i s  j u s t  t h e  f i r s t  o r d e r  approx imat ion  t o  
Now W 8  i s  t h e  m a r g i n a l  p r o d u c t  (MP) r a t h e r  t h a n  t h e  a v e r a g e  
p r o d u c t  (AP)  as p r o p o s e d  i n  t h e  s p e c i f i c a t i o n  a b o v e ,  b u t  f r o m  
t h e  Cobb-Douglas  p r o d u c t i o n  f u n c t i o n  
So  t h e  a b o v e  s p e c i f i c a t i o n  becomes 
ii l n  
. w ~ , 8  ) +  5 l n  1 
w h i c h  i s  d i f f e r e n t  f r o m  my s p e c i f i c a t i o n  o n l y  by t h e  c o n s t a n t  
t e r m .  Of c o u r s e  WU i s  a  w e i g h t e d  a v e r a g e  o f  v a r i o u s  u r b a n  w a g e s ,  
-d 
w h i c h  may o r  may n o t  b e  t h e  s a m e  as my d e f i n i t i o n  o f  W u .  ( I  w i l l  
e x a m i n e  b o t h  s p e c i f i c a t i o n s  w i t h  e m p i r i c a l  d a t a . )  A s  t o  K a n e d a ' s  
p r o p o s a l ,  I s h a l l  n o t  e x p l i c i t l y  u s e  it now b e c a u s e  o f  t h e  d i f f i -  
c u l t y  i n v o l v e d  i n  m o d e l i n g  a t r u e l y  s u b j e c t i v e  e v a l u a t i o n  o f  l a b o r .  
4 . 2 .  Endogenous  T r a i n i n g  C o s t  
The  a l l o c a t i o n  o f  u n s k i l l e d  l a b o r  i n  t h i s  m o d e l  i s  s t r o n g l y  
i n f l u e n c e d  by  t h e  e x o g e n o u s  s e c t o r - s p e c i f i c  t r a i n i n g  a n d  h i r i n g  
cos t s .  They d e t e r m i n e  almost t h e  e n t i r e  wage  s t r u c t u r e  o f  u r b a n  
sec tors .  T h i s  m i g h t  b e  more r i g i d i t y  t h a n  we n e e d .  I n  a d d i t i o n ,  
t h e  u n d e r l y i n g  a s s u m p t i o n  t h a t  t h e s e  t r a i n i n g  a n d  h i r i n g  costs  
a re  a c t u a l l y  t e c h n o l o g y - s p e c i f i c  makes  it i m p e r a t i v e  t h a t  we e n -  
d o g e n i z e  t h e s e  cos t s .  T h a t  i s ,  it may b e  a s s u m e d  t h a t  t h e  h i g h e r  
t h e  c a p i t a l - l a b o r  r a t i o ,  t h e  h i g h e r  t h e  amount  o f  t r a i n i n g  n e e d e d .  
T h i s  i s  a p l a u s i b l e  a s s u m p t i o n ,  a n d  a c loser  s t u d y  o f  p o s t -  
World  W a r  I1 d a t a  w i l l  b e  c a r r i e d  o u t  i n  o r d e r  t o  f i n d  n u m e r i c a l  
e v i d e n c e  f o r  o b t a i n i n g  e x p l i c i t  s p e c i f i c a t i o n  o f  t h i s  t r a i n i n g  
cos t  f u n c t i o n .  
4.3. Labor Supply  
Labor s u p p l y  i s i m p l i c i t l y  assumed i n  t h e  model a s  a  f i x e d  
p r o p o r t i o n  of  t h e  t o t a l  p o p u l a t i o n .  T h i s ,  however,  s h o u l d  be 
modif ied  t o  a c c o u n t  f o r  t h e  s e n s i t i v e  r e s p o n s e  o f  t h e  p o p u l a t i o n  
t o  v a r i o u s  s i g n a l s  o f  t h e  market  w i t h  r e g a r d  t o  t h e  d e c i s i o n  of 
whether  t o  work o r  n o t .  The r a t e  o f  wage i s  u s u a l l y  c o n s i d e r e d  
a s  having a  p o s i t i v e  c o r r e l a t i o n  w i t h  t h e  l a b o r  s u p p l y  e s p e c i a l l y  
* 
i n  a  d e v e l o p i n g  c o u n t r y .  The lower wage th rough  d e p r e s s i o n ,  f o r  
example, i s  known t o  have such e f f e c t s  a s  d i s c o u r a g e d  workers  and 
added workers .  W e  s h o u l d  a l s o  t a k e  i n t o  a c c o u n t  t h e  g e n e r a l  t e n -  
dency of  f emales  t o  p a r t i c i p a t e  i n  t h e  l a b o r  f o r c e  more a s  t i m e  
goes one ,  and t h e  t endency  of  young workers  t o  d e c r e a s e  a s  t h e  
demand f o r  e d u c a t i o n  i n c r e a s e s .  
4 . 4 .  The S i z e  D i s t r i b u t i o n  o f  Income 
The d i s c u s s i o n  o f  how w e l l  o f f  p e o p l e  a r e  depends  on  t h e i r  
f a m i l y  income o r  s i z e  d i s t r i b u t i o n  o f  income. The model,  however, 
is  c a p a b l e  o f  e x p l a i n i n g  o n l y  t h e  f u n c t i o n a l  d i s t r i b u t i o n  o f  in -  
come, i . e . ,  how much is  e a r n e d  by l a b o r  and how much i s  t h e  r e t u r n  
t o  c a p i t a l  i n  each  s e c t o r .  But w e  c a n n o t  i g n o r e  t h e  p o l i t i c a l  
economy o f  s i z e  d i s t r i b u t i o n  o f  income, e s p e c i a l l y  i n  t h e  s e t t i n g s  
o f  contemporary  d e v e l o p i n g  c o u n t r i e s .  Some t o o l s  s h o u l d  b e  em-  
ployed i n  o r d e r  t o  map t h e  f u n c t i o n a l  d i s t r i b u t i o n  i n t o  t h e  s i z e  
d i s t r i b u t i o n .  I n  t h e  p a s t ,  Adelman and Robinson (1978) assumed 
o c c u p a t i o n a l - g r o u p - s p e c i f i c  l o g  normal d i s t r i b u t i o n s  o f  income, 
w h i l e  Lysy and T a y l o r  (1978) d i s a g g r e g a t e d  l a b o r  i n t o  130 d i f f e r -  
e n t  t y p e s  o f  l a b o r ,  t h e r e b y  g e t t i n g  a n  approx imate  s i z e  d i s t r i b u -  
t i o n  d i r e c t l y  from t h e  f u n c t i o n a l  d i s t r i b u t i o n .  Reyes-Heroles 
(1980) s t u d i e d  s i z e  and f u n c t i o n a l  d i s t r i b u t i o n  f o r  t h e  b a s e  y e a r ,  
and used t h e i r  d e r i v e d  mapping method f o r  t h e  whole s i m u l a t i o n .  
Eckaus e t  a l .  (1979) used  ingeneous  e s t i m a t i o n  work f o r  l o c a t i n g  
s i x  income c l a s s e s  i n  Egypt: bot tom 60 p e r c e n t ,  midd le  30 pe r -  
c e n t ,  and t o p  10 p e r c e n t ,  f o r  b o t h  u rban  and r u r a l ,  from va lue -  
added s h a r e  d a t a .  Fur thermore ,  ~ u l p u l 6  (1976) s t u d i e d  s i z e  dis -  
t r i b u t i o n  o f  income u s i n g  more demographic d a t a :  m a r r i a g e  and 
*The backward-bending p a r t  of  a  l a b o r  s u p p l y  c u r v e  is  i g -  
nored  h e r e .  
f a m i l y  f o r m a t i o n ,  t h e  number o f  p e r s o n s  work ing  i n  t h e  f a m i l y , e t c .  
T h i s  J a p a n e s e  model a s  d e s c r i b e d  i n  t h e  l a s t  c h a p t e r ,  c a n  b e  ex- 
t e n d e d  t o  i n c l u d e  t h e  s i z e  d i s t r i b u t i o n  o f  income i n  v a r i o u s  d i -  
r e c t i o n s ,  e s p e c i a l l y  f o r  t h e  post-World War I1 p e r i o d ,  f o r  which 
t h e r e  i s  a  r e l a t i v e  abundance  o f  househo ld  income d a t a  ( e . g . ,  
Mizoguchi 1 9 7 5 ) .  Because  t h e  p u r p o s e  o f  t h i s  model i s  t h e  a n a l y -  
ses o f  demoeconomics,  it would be  more i n t e r e s t i n g  t o  e x t e n d  t h e  
mapping method d e v e l o p e d  by T u l p u l 6  ( 1 9 7 6 ) .  
Fo r  t h e  pre-World War I1 p e r i o d ,  however ,  t h e  d a t a  o n  s i z e  
d i s t r i b u t i o n  o f  income a r e  a t  b e s t  meager .  A less  a m b i t i o u s  
method s h o u l d  b e  employed.  S e e ,  f o r  example ,  O t s u k i  a n d  Takamatsu 
(1979)  i n  t h i s  r e g a r d .  
4 . 5 .  Inves tmen t -Sav ing  R e l a t i o n s h i p  
T h e r e  i s  no r e a s o n  t o  b e l i e v e  t h e  e x  a n t e  s a v i n g  d e s i r e  i s  
e q u a l  t o  t h e  e x  a n t e  i n v e s t m e n t  d e s i r e .  These  d e c i s i o n s  a r e  
made by d i f f e r e n t  i n d i v i d u a l s .  Ex pos t  s a v i n g  and  i n v e s t m e n t ,  
however ,  a r e  e q u a l  by t h e  W a l r a s '  Law. How, t h e n ,  i s  t h i s  e q u a l -  
i t y  r e a l i z e d ?  Most n e o c l a s s i c a l  mode l s ,  s t a r t i n g  w i t h  t h e  Solow- 
Swan-Meade model ,  assume t h a t  s a v i n g  i s  t h e  c o n s t r a i n t  on  i n v e s t -  
ment  o r  t h a t  s a v i n g  b e h a v i o r  d e t e r m i n e s  i n v e s t m e n t .  But  t h e  o t h e r  
s t o r y  i s  a s  p l a u s i b l e .  The d e s i r e  t o  i n v e s t  f o r c e s  s a v i n g  t o  
e q u a l  t h e  d e s i r e d  i n v e s t m e n t .  T h i s  i s  most  t y p i c a l l y  done  by  
f o r c e d  s a v i n g  t h r o u g h  l o w e r i n g  t h e  r e a l  wages o f  w o r k e r s ,  w i t h ,  
f o r  example ,  a n  i n f l a t i o n  w i t h  a  n o m i n a l l y  f i x e d  wage r a t e .  T h i s  
p r e s u p p o s e s  a  h i g h e r  s a v i n g  p r o p e n s i t y  f rom c a p i t a l  income. S imi-  
l a r l y ,  t h e  i n c r e a s e  i n  t h e  c a p i t a l  income e a r n e r s '  consumpt ion  
demand s h i f t s  t h e  income s h a r e  more f a v o r a b l y  t o  c a p i t a l i s t s :  t h e  
Widow's c r u s e .  I n  J a p a n  t h e  r e a l  wage i n c r e a s e  a l w a y s  l a g g e d  be- 
h i n d  t h e  p r o d u c t i v i t y  i n c r e a s e  d u r i n g  economic upswings  t h e r e f o r e  
making t h e  s c e n a r i o  o f  f o r c e d  s a v i n g  h i g h l y  l i k e l y .  (The model 
w i l l  be  m o d i f i e d  t o  i n c o r p o r a t e  t h i s . )  Fo r  d i s c u s s i o n  o f  i n f l a -  
t i o n  see s e c t i o n  4 . 7 .  
4 . 6 .  A g r i c u l t u r e  
The model i s  e s s e n t i a l l y  a  model  o f  u r b a n i z a t i o n  and  i n d u s -  
t r i a l  g rowth .  I t  h a s  been  i n t e n t i o n a l  t o  t r e a t  a g r i c u l t u r e  a s  
simply a s  p o s s i b l e .  F o r t u n a t e l y ,  a g r i c u l t u r e  i n  Japan  was and 
is  r e l a t i v e l y  unimodal i n  a  s e n s e  t h a t  t h e r e  has  n o t  been a d r a s -  
t i c  dichotomy between modern and t r a d i t i o n a l  and l a r g e - s c a l e  and 
s m a l l - s c a l e  f a rming .  T h i s  makes it more c o n v e n i e n t  t o  t r e a t  it 
a s  one  s e c t o r .  
A more d i s a g g r e g a t e d  t r e a t m e n t  o f  f a rming  c a n  b e  done depend- 
i n g  on t h e  f u t u r e  d i r e c t i o n  o f  t h e  s t u d y .  E s p e c i a l l y  i n  view o f  
t h e  s i t u a t i o n  i n  J a p a n ,  t h e  d i v i s i o n  o f  f a r m e r s  i n t o  p e a s a n t s ,  
owner c u l t i v a t o r s ,  and  f a r m e r s  w i t h  f a m i l y  members employed i n  
n o n a g r i c u l t u r a l  a c t i v i t i e s ,  may t u r n  o u t  t o  be u s e f u l  f o r  s t u d i e s  
o f  income d i s t r i b u t i o n ,  l a b o r  s u p p l y ,  and m i g r a t i o n .  
4 . 7 .  I n f l a t i o n  and Money 
I n  such  a g e n e r a l  e q u i l i b r i u m  model a s  t h e  o n e  d i s c u s s e d  i n  
t h e  p r e v i o u s  c h a p t e r ,  t h e  money i s  u s u a l l y  a  v e i l ,  i . e . ,  t h e  
whole model i s  homogeneous of  d e g r e e  z e r o  w i t h  r e s p e c t  t o  a l l  
p r i c e s  (commodit ies  and f a c t o r s ) ,  t h e r e f o r e ,  a l l  t h a t  t h e  model 
p roduces  i s  a se t  o f  r e l a t i v e  p r i c e s .  An i n f l a t i o n  of  s e v e r a l  
hundred p e r c e n t  d o e s  n o t  change t h e  p i c t u r e  a t  a l l  i f  t h e  r e l a -  
t i v e  p r i c e s  a r e  c o n s t a n t .  I t  h a s  been a g r e e d  by many, however, 
t h a t  t h e  monetary phenomena do have r e a l  e f f e c t s ,  e s p e c i a l l y  i n  
t h e  short-to-medium r u n .  
I f  o u r  i n t e r e s t s  a r e  comple te ly  w i t h  t h e  medium- t o  long-run 
r a n g e  s t r u c t u r a l  changes  i n  t h e  economy, it may b e  t h a t  w e  c a n  
l e a v e  o u r  model a s  it is .  I f ,  however, w e  become more i n t e r e s t e d  
i n  t h e  short-to-medium r u n ,  i n c l u d i n g  i n c r e a s e d  inves tment  th rough  
f o r c e d  s a v i n g  caused  by a g e n e r a l  i n f l a t i o n  w i t h  a  f i x e d  nominal 
wage r a t e ,  t h e n  i t  may be b e t t e r  t o  i n c l u d e  t h e  monetary s e c t o r ,  
w i t h  t h e  r e a l  p a r t  o f  t h e  model n o t  h a v i n g  t h e  homogeneous char -  
a c t e r .  Adelman and Robinson (1978) do j u s t  t h a t ;  t h e y  assume: 
( 1 )  changing p r i c e s  changes  t h e  s t r u c t u r e  o f  t h e  demand f o r  t r a n s -  
a c t i o n  b a l a n c e s ;  ( 2 )  t o t a l  inves tment  i s  f i x e d  i n  nominal  terms; 
( 3 )  i n t e r e s t  payment i s  s p e c i f i e d  i n  nominal  terms; and (4) t h e  
exchange r a t e  is  s p e c i f i e d  i n  nominal terms, t h u s  making t h e  r e a l  
p a r t  o f  t h e i r  model nonhomogeneous. 
We c o u l d  a l s o  (1) s p e c i f y  t h e  wage r a t e  i n  nominal t e r m s ,  
and ( 2 )  e l e c t  t o  u s e  nonhomogeneous consumers '  demand f u n c t i o n s .  
The f i r s t  o f  t h e  two e n a b l e s  one ,  a g a i n ,  t o  t e l l  a  f o r c e d  s a v i n g  
s t o r y .  The second depends  on t h e  e m p i r i c a l  e s t i m a t i o n  o f  t h e  
sys tem o f  consumers '  demand. R e s u l t s  o f  s o  many e m p i r i c a l  
* 
s t u d i e s  s a y  t h a t  t h e  homogeneity h y p o t h e s i s  i s  t o  be  r e j e c t e d .  
T h i s  may e i t h e r  b e  due t o  t h e  i n s u f f i c i e n t  c a r e s  g i v e n  t o  t h e  
dynamic a s p e c t s  of  consumers '  demand by r e s e a r c h e r s ,  o r  due  t o  
consumers n o t  behav ing  a s  t h e  u t i l i t y  t h e o r y  s u g g e s t s .  I f  w e  
m a i n t a i n  t h e  second h y p o t h e s i s ,  t h e n  it would be i n t e r e s t i n g  t o  
see t h e  consequences  of  d i s c a r d i n g  homogeneity assumpt ions  w i t h  
r e g a r d  t o  t h e  model b e h a v i o r  when i n f l a t i o n a r y  p r e s s u r e s  e x i s t .  
4 .8.  D i s e q u i l i b r i u m  
A l l  t h e  arguments  s o  f a r  have been made assuming t h a t  t h e  
economy i s  i n  some form o f  e q u i l i b r i u m ,  i . e . ,  a l l  m a r k e t s  c l e a r ,  
p e r i o d  by p e r i o d ,  and t h e r e  e x i s t s  no unemployment o f  f a c t o r s .  
The d i s e q u i l i b r i u m  f e a t u r e s  a r e  i n c o r p o r a t e d  by: (1) f i x i n g  t h e  
r u r a l  f a c t o r  endowments which c a u s e s  r u r a l - u r b a n  income d i f f e r -  
e n t i a l s ,  t h e r e b y  making m i g r a t i o n  i n t r i n s i c  t o  t h e  model; ( 2 )  
u s i n g  unbalanced t e c h n i c a l  p r o g r e s s ;  ( 3 )  employing t h e  s e c t o r -  
s p e c i f i c  t r a i n i n g  c o s t  h y p o t h e s i s  which c a u s e s  wage r a t e s  w i t h i n  
t h e  urban s e c t o r s  t o  d i f f e r ;  and ( 4 )  assuming a l l  i n v e s t m e n t  de- 
c i s i o n s  t a k e  p l a c e  u s i n g  e x p e c t a t i o n s  o f  b o t h  p r i c e s  and quan- 
t i t i e s .  
The e q u i l i b r i u m  o b t a i n e d  i n  t h i s  way, t h e r e f o r e ,  i s  n o t  f u l l y  
W a l r a s i a n ,  b u t  w e  a r e  s t i l l  i n  t h e  ~ a l r a s i a n - ~ A t o n n e m e n t  frame- 
work i n  a  s e n s e  t h a t  e a c h  a g e n t  (household  and f i r m )  i s  s m a l l  
enough t o  t a k e  p r i c e s  p a r a m e t r i c a l l y - t h e  " a u c t i o n e e r "  i s  t h e  
o n l y  one who can  change p r i c e s .  I f ,  however, d e v e l o p i n g  economies 
a r e  i n h e r e n t l y  i n  d i s e q u i l i b r i u m ,  t h e r e  may be a  good r e a s o n  t o  
p u r s u e  i n  t h e  d i r e c t i o n  o f  e s t a b l i s h i n g  d i s e q u i l i b r i u m  models .  
The r e c e n t  development  i n  macroeconomic d i s e q u i l i b r i u m  o r  non- 
** 
Walras ian  e q u i l i b r i u m  t h e o r y  seems t o  o f f e r  some p o s s i b i l i t i e s  
of  approach ing  toward t h i s  purpose .  
*See B a r t e n  (1977)  f o r  a  summary o f  e m p i r i c a l  t e s t s  on 
t h e o r e t i c a l  c o n s t r a i n t s .  
**For a  r ev iew,  see Drazen ( 1 9 8 0 ) .  
I n  t h i s  s c h o o l  o f  t h i n k i n g ,  each a g e n t  p e r c e i v e s  l i m i t e d  
p o s s i b i l i t i e s  o f  t r a d e  and r e f o r m u l a t e s  t h e  t r a d e  p a t t e r n  accord-  
i n g l y .  I n  t h e  e a r l i e r  works ( P a t i n k i n  1965, Clower 1965, Barro  
and Grossman 1976, Benassy 1975, and ~ r & z e  1975) p r i c e s  a r e  f i x e d  
even w i t h  non-zero e x c e s s  demands,and q u a n t i t i e s  a r e  supposed t o  
a d j u s t  th rough  some k i n d  of  r a t i o n i n g  schemes. Recen t ly ,  e f f o r t s  
have been made i n  o r d e r  t o  endogenize  p r i c e s .  Benassy (1976) a t -  
tempts  t o  s t u d y  a  m o n o p o l i s t i c  e q u i l i b r i u m  where p r i c e s  a r e  f i x e d  
f o r  a n  i n t r a p e r i o d  b u t  f l e x i b l e  f o r  a n  i n t e r p e r i o d .  Hahn (1978) 
does  n o t  r u l e  o u t  a  Wal ras ian  e q u i l i b r i u m  b u t  a s k s  i f  any o t h e r  
e q u i l i b r i u m  e x i s t s ,  assuming t h a t  a g e n t s  make c o n j e ~ t u r e s ~ b a s e d  
on t h e  q u a n t i t y  s i g n a l s  and p r e v a i l i n g  marke t  p r i c e s  on o f f e r  
p r i c e s  a t  which t h e y  t h i n k  t h e y  can  t r a d e  beyond t h e  q u a n t i t y  
c o n s t r a i n t s .  
I t  seems t h a t  a l l  t h e s e  i d e a s  a r e  r e l e v a n t  f o r  s t u d y i n g  de- 
v e l o p i n g  economies i n  g e n e r a l  where supp ly  c o n s t r a i n t s p r e v a i l  i n  
many commodity m a r k e t s  and demand c o n s t r a i n t s  i n  f a c t o r  marke t s .  
I t  a p p e a r s ,  however,  t h a t  t h e s e  i d e a s  a r e  n o t  s t i l l  d i r e c t l y  ap- 
p l i c a b l e  i n  t h e  k i n d  o f  models d e s c r i b e d  above.  F i r s t  of  a l l ,  
t h e i r  ma themat ica l  r i g o r  and a b s t r a c t n e s s  make it d i f f i c u l t  t o  
a p p l y  them i n  numericaZZy computable models .  Second, t h e  v e r y  
f a c t  t h a t  t h e s e  d i s e q u i l i b r i u m  s t u d i e s  have  been m o t i v a t e d  i n  
o r d e r  t o  a n a l y z e  t h e  unemployment o f  developed c o u n t r i e s  h a s  been 
a  h i n d r a n c e  t o  t h e  i n i t i a t i o n  of  t h e i r  a p p l i c a t i o n  i n  d e v e l o p i n g  
economies. T h i r d ,  " ( t h e )  work i s  i n  i t s  i n f a n c y "  (Drazen 1980:304) ,  
and be ing  developed r a p i d l y .  I t  may n o t  be  w i s e ,  t h e r e f o r e ,  t o  
judge i t s  a p p l i c a b i l i t y  w i t h  t h e  p r e s e n t  s t a t e  o f  t h e  a r t .  
D e s p i t e  t h e s e  t h r e e  problems and t h e  e v e r - e x i s t i n g  q u e s t i o n  
of d a t a ,  t h e  r e l e v a n c e  t h a t  d i s e q u i l i b r i u m  t h e o r i e s  have t o  u r -  
b a n i z a t i o n  and economic growth,  e s p e c i a l l y  i n  a  d u a l i s t i c  frame- 
work, seems t o  be  s u f f i c i e n t l y  g r e a t  t h a t  w e  shou ld  c o n t i n u e  
p u r s u i n g  t h e  p o s s i b i l i t y  o f  i n c o r p o r a t i n g  d i s e q u i l i b r i u m  t h e o r i e s  
i n  o u r  modeling work i n  t h e  f u t u r e .  
A t  l e a s t ,  a t  t h e  p r e s e n t  s t a t e ,  w e  shou ld  s e e k  p o s s i b i l i t i e s  
f o r  s t u d y i n g  t h e  e f f e c t s  o f  q u a n t i t y  c o n s t r a i n t s  and s p i l l o v e r s  
w i t h  probably f i x e d  p r i c e s  i n  c e r t a i n  marke t s .  For  example, it 
would be i n t e r e s t i n g  t o  s t u d y  t h e  e f f e c t s  o f  t h e  p r i c e  c o n t r o l  
and r a t i o n i n g  scheme f o r  r i ce ,which  was i n  e f f e c t  i n  Japan  u n t i l  
w e l l  a f t e r  World War 11. 
4.9 .  Dynamiza t ion  
Developing  economies  w i t h  r a p i d l y  s h i f t i n g  s t r u c t u r e s  a r e  
i n h e r e n t l y  dynamic a s  w e l l  a s  i n  d i s e q u i l i b r i a .  Our model how- 
e v e r ,  i s  t h a t  o f  a  pe r iod -by -pe r iod  s t a t i c  e q u i l i b r i u m .  Between 
p e r i o d s ,  dynamic c h a n g e s  o c c u r  i n  t h e  model e n d o g e n o u s l y  (migra-  
t i o n  and i n v e s t m e n t )  o r  p a r a m e t r i c a l l y  ( t e c h n i c a l  p r o g r e s s ,  t o t a l  
p o p u l a t i o n  g r o w t h ,  e t c . ) .  Although t h i s  i s  a  u s e f u l  d e v i c e ,  it 
may b e  more a p p r o p r i a t e  t o  u s e  a  c o n t i n u o u s  t i m e  f ramework.  Some 
s u c h  work h a s  been  s t a r t e d  ( e . g . ,  W i e r z b i c k i  1 9 7 9 ) .  I t  m i g h t  
v e r y  w e l l  b e ,  however ,  t h a t  t h e  model p r e s e n t e d  i n  t h i s  p a p e r  is  
t o o  r i c h  i n  s p e c i f i c a t i o n s  t o  dynamize c o m p l e t e l y .  
I t  would b e  o f  i n t e r e s t  t o  s i m p l i f y  t h e  model and  s t u d y  i m -  
p l i c a t i o n s  o f  d y n a m i z a t i o n .  T h i s  c o u l d  b e  a  t o p i c  f o r  f u t u r e  
r e s e a r c h  a f t e r  t h e  c o m p l e t i o n  o f  t h e  s i m u l a t i o n  and  c o u n t e r f a c -  
t u a l  a n a l y s e s  w i t h  t h e  p r e s e n t  model.  
5 .  CONCLUSIONS AND COMMENTS ON FEASIBILITY 
The p u r p o s e  o f  t h i s  p a p e r  i s  t o  e x p o s i t  a n  a p p l i e d  g e n e r a l  
e q u i l i b r i u m  model f o r  a n a l y z i n g  J a p a n e s e  h i s t o r i c a l  e x p e r i e n c e s  
o f  u r b a n i z a t i o n  and  economic  g rowth  i n  a  d u a l i s t i c  f ramework.  
The model i s  r a t h e r  l a r g e a n d  i s  complex i n  t h a t  it h a s  a  v i n t a g e  
s t r u c t u r e  o f  p r o d u c t i o n ,  f i v e  p r o d u c t i o n  f a c t o r s  ( c a p i t a l  e q u i p -  
ment ,  c a p i t a l  s t r u c t u r e ,  u n s k i l l e d  l a b o r ,  s k i l l e d  l a b o r ,  and  l a n d )  , 
t h e  e x p e c t a t i o n - d e t e r m i n e d  i n v e s t m e n t ,  and s e c t o r  ( t e c h n o l o g y ) -  
s p e c i f i c  t r a i n i n g  c o s t s  d e t e r m i n i n g  wage s t r u c t u r e .  The comple t e  
e s t i m a t i o n  and  s i m u l a t i o n  o f  t h e  model a s  i t  s t a n d s  now would be  
a  l a r g e  enough c h a l l e n g e  t o  a  model b u i l d e r .  However, t h e r e  a r e  
c e r t a i n  a s p e c t s  which  a r e  i m p o r t a n t  i n  s t u d i e s  o f  d e v e l o p i n g  
economies  and a r e  i n s u f f i c i e n t l y  d e v e l o p e d  o r  a r e  m i s s i n g  from 
t h e  model p r e s e n t e d  i n  c h a p t e r  3 .  
Among t h e  m o d i f i c a t i o n  and e x t e n s i o n  p o s s i b i l i t i e s  s t a t e d  
i n  c h a p t e r  4 ,  t h e  more u r g e n t l y  needed c h a n g e s  s h o u l d  b e  
( 1 )  Demographic a s p e c t s ,  e s p e c i a l l y  more e l a b o r a t i o n  on  
t h e  s p e c i f i c a t i o n  o f  r u r a l - u r b a n  m i g r a t i o n  
( 2 )  U s e  o f  t h e  c o n c e p t  o f  f o r c e d  s a v i n g  
( 3 )  Endogen iz ing  t r a i n i n g  c o s t s  
( 4 )  S t u d y  on  s i z e  d i s t r i b u t i o n  o f  income 
F u t u r e  e f f o r t s  w i l l  b e  made i n  o r d e r  t o  s o l v e  and  o p e r a t i o n a l i z e  
t h e  f u l l  model a n d  t o  i n c o r p o r a t e  some e x t e n s i o n s  men t ioned  above .  
F i n a l l y ,  a  remark  s h o u l d  b e  made on t h e  f e a s i b i l i t y  o f  t h e  
f u l l  model .  I t  i s  o b v i o u s  t h a t  t h e  model  and s u g g e s t e d  e x t e n s i o n s  
w i l l  make a  heavy  demand on  d a t a .  The v e r y  f a c t  t h a t  t h e  model 
s t r u c t u r e  i s  so complex makes i t s  f u l l y - s i m u l t a n e o u s  e s t i m a t i o n  
o f  p a r a m e t e r s  i m p o s s i b l e :  t h e  model i s  d e f i n i t e l y  under -  
i d e n t i f i e d .  W e  w i l l  have  t o  depend o n  p a r t i a l  est imates o r  o t h e r  
r e s e a r c h  r e s u l t s  ( a l s o  u s u a l l y  p a r t i a l  a n a l y s e s )  f o r  many o f  t h e  
p a r a m e t e r  e s t i m a t e s .  A set  o f  p a r a m e t e r  v a l u e s  w i l l  b e  s e l e c t e d  
t h a t  w i l l  r e p l i c a t e  t h e  h i s t o r y  w i t h  t h e  h i g h e s t  d e g r e e  o f  p r e -  
c i s i o n .  T h i s  r e p l a c e s  t h e  s i m u l t a n e o u s  e s t i m a t i o n  p r o c e d u r e .  I t  
i s  r e g r e t t a b l e  t h a t ,  u n t i l  now, t h i s  i s  t h e  o n l y  p o s s i b l e  way o f  
e s t i m a t i o n  f o r  t h i s  k i n d  o f  mode l ing .  
Once, however ,  t h i s  e s t i m a t i o n  method i s  a c c e p t e d ,  t h e n  t h e  
f e a s i b i l i t y  o f  t h e  f u l l  o p e r a t i o n a l i z a t i o n  would n o t  be  s o  d i f -  
f i c u l t ,  e s p e c i a l l y  f o r  t h e  post-World War I1 p e r i o d  where t h e r e  
i s  a  r e l a t i v e  abundance  o f  d a t a .  
For  t h e  pre-World War I1 p e r i o d ,  however ,  a  c e r t a i n  s i m p l i -  
* 
f i c a t i o n  m i g h t  b e  needed .  I n  g e n e r a l ,  t h e  e x i s t e n c e  o f  t h e  LTES 
series o f f e r s  a  good o p p o r t u n i t y  f o r  a c c u r a t e  h i s t o r i c a l  a n a l y s e s  
w i t h  t h i s  k i n d  o f  model .  Even t h e  LTES, however ,  i s  n o t  c o m p l e t e  
f o r  o u r  p u r p o s e s .  Fo r  example ,  it d o e s  n o t  c o n t a i n  d a t a  on  
s e c t o r - s p e c i f i c  c a p i t a l  s t o c k  o r  i n p u t - o u t p u t  r e l a t i o n s h i p s .  
*Long Term Economic S t a t i s t i c s  o f  J a p a n ,  e d i t e d  by Ohkawa, 
S h i n o h a r a  and  Umemura. S e e  r e f e r e n c e s  f o r  t h e  t o p i c  o f  e a c h  
volume. 
There i s a  problem of demand matching,  i . e . ,  t h e  d a t a  on produc- 
t i o n  have d i f f e r e n t  s e c t o r  d i v i s i o n s  t h a n  t!ie household  demand 
d a t a ' s  commodity d i v i s i o n s .  T h i s  becomes a  problem i n  o u r  model 
because  it b a s i c a l l y  p o s t u l a t e s  a  one-to-one cor respondence  be- 
tween s e c t o r s  and commodit ies .  Many v a r i a b l e s  and p a r a m e t e r s ,  
t h e r e f o r e ,  have t o  be " g u e s s t i m a t e d ,  " a l t h o u g h  some c a n  be  ob- 
t a i n e d  by going back t o  t h e  raw d a t a  ( c e n s u s ,  e t c . )  o r  by look ing  
a t  some r e l a t i o n s h i p s  between a v a i l a b l e  d a t a  and m i s s i n g  d a t a .  
[Nap ie r  (1969) enhances  t h e  c a p i t a l  s t o c k  d a t a  g r e a t l y  by e s t i m a t -  
i n g  s e c t o r  and f i r m  s i z e - s p e c i f i c  c a p i t a l  s t o c k  from horsepower 
d a t a .  1 
Where do a l l  t h e s e  s t a t e m e n t s  l e a d  us?  I t  may be  s a i d  t h a t  
f o r  t h e  o p e r a t i o n a l i z a t i o n  o f  t h e  f u l l  model f o r  t h e  pre-World 
War I1 p e r i o d ,  we a r e  less t h a n  o p t i m i s t i c  b u t  a r e  n o t  comple te ly  
p e s s i m i s t i c  e i t h e r .  Some s i m p l i f i c a t i o n s ,  e . g . ,  merging equ ip -  
ment and s t r u c t u r e  c a p i t a l  i n t o  a  "homogeneous c a p i t a l  s t o c k , "  
may be needed,  b u t  t h e  c a l i b r a t i o n  o f  t h e  r e l a t i v e l y  comple te  
model shou ld  be p o s s i b l e ,  and t h a t  p o s s i b i l i t y  w i l l  be s o u g h t .  
For  t h e  post-World War I1 p e r i o d ,  a  more o r  l e s s  f u l l  s p e c i f i c a -  
t i o n  o f  t h e  model w i l l  be employed f o r  a n a l y s e s .  
* 
A t  t h e  t ime o f  w r i t i n g ,  a  s i m p l i f i e d  v e r s i o n  o f  t h e  model 
d e s c r i b e d  i n  c h a p t e r  3 was s o l v e d  u s i n g  1960 d a t a .  Some s e n s i -  
t i v i t y  a n a l y s e s  and compara t ive  s t a t i c s  have a l s o  been c a r r i e d  
o u t .  The c a l i b r a t i o n  of t h e  f u l l  model w i l l  be a t t e m p t e d  a f t e r  
more d a t a  c o l l e c t i o n .  
* S i m p l i f i e d  t o  f i v e  s e c t o r s  and two f a c t o r s  o f  p r o d u c t i o n  
w i t h o u t  government.  
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APPENDIX 1: MATHEMATICAL STATEMENT OF THE MODEL 
Indices 
* 
i j ( =  0,...,10) Sectors (i=O is foreign sector) 
v ( =  1,. . .,Vi) 
k ( =  KE, KC, and S) 
Vintages 
different capital stocks 





'i value added 
* *  
Ai shift parameters of production 
Aiv vintage-specific shift parameters 
Si skilled labor 
S total skill ( S = new skilled labor) 
Li unskilled labor 
L total labor 
*There is a one-to-one correspondence between production 
sectors and commodities. 
**These are, in simplified simulations, exogenous. 
KEi equipments and machineries 
KE total equipments and machineries 
KCi structures and buildings 
KC total structures and buildings 
'8 agricultural land 
x9 urban residential land 
Aji intermediate inputs, input of j good in production 
of sector i 
1 user cost of unskilled labor i 
qi user cost of skilled labor 
r Eivtrciv (ex post) user cost of KE and KC from quasi-rents 
v ~.i"'~.i (ex ante) expectation of user cost of KE and KC 
wLtwS wage rates on L (unskilled) and S (skilled) labor 
1 i 
after-tax rates of return on KE and KC Rivt Riv 
Di domestic demands 
Pi producers' prices 
P: purchasers ' prices 
value-added price (primary factor cost of production) 
Jex Japan's export prices 
r C9 rent on urban housing structure 
r 
x9 
rent on urban residential land 
r 10 rent on rural housing structure 
r 
x8 
rent on agricultural land 
bi quit-rates 
e 
'k-i desired investment 
e 
'kni actual investment 
SAV t o t a l  s a v i n g  - h o u s i n g  i n v e s t m e n t  
SAV s a v i n g  a v a i l a b l e  f o r  p h y s i c a l  p r o d u c t i v e  i n v e s t m e n t  
P  
DDi e x p e c t e d  demand minus p r e s e n t  s u p p l y  c a p a c i t y  n e t  
o f  d e p r e c i a t i o n  
( t )  v a l u e  o f  X i  e x p e c t e d  f o r  ( t + l  ) th t i m e  p e r i o d  and 
e x p e c t a t i o n  made a t  tth t i m e  p e r i o d .  
xe e x p e c t e d  v a l u e  o f  X 
XA a c t u a l  v a l u e  o f  X 
biru r u r a l - u r b a n  m i g r a t i o n  
Lr r u r a l  l a b o r  f o r c e  ( o r  p o p u l a t i o n )  
Lu u r b a n  l a b o r  f o r c e  
- 




e x p e c t e d  income i n  r u r a l  a r e a  
L S  9  , g i  e x p e c t e d  new employment i n  u r b a n  s e c t o r  i f o r  un- i 
s k i l l e d  and  s k i l l e d  l a b o r  
COLu,COLr c o s t - o f - l i v i n g  i n d i c e s  f o r  u r b a n  a n d  r u r a l  a r e a s  
w o v e r a l l  b u d g e t  s h a r e  o f  h o u s e h o l d  o n  good i i 
w h  b u d g e t  s h a r e s  o f  e x p e n d i t u r e  o n  good i by h o u s e h o l d  i 
t y p e  h  
E~ h o u s e h o l d  e x p e n d i t u r e  by househo ld  t y p e  h  
E t o t a l  h o u s e h o l d  e x p e n d i t u r e  
' ind p r i c e  i n d e x  
yh t o t a l  h o u s e h o l d  income 
GR gove rnmen t  r evbnue  
endogenous  p a r t  o f  government  e x p e n d i t u r e  G~~~~ 
G: t o t a l  government  e x p e n d i t u r e  
M~~ n o n c o m p e t i t i v e  i m p o r t s  
c o m p e t i t i v e  i m p o r t s  Mi 
FS f o r e i g n  s a v i n g  (= T r a d e  d e f i c i t  TD) 
GS government  s a v i n g  
sk saving propensities of capitalists and landlords i 
Bi cost function of sector i 
"i unit cost function of sector i 
EXi exports 
CDi consumer's'demand 
vh share of population in urban household type h in 
total urban population 
Exogenous Variables and Parameters 
t time 
N total population 
x total arable and urban land area 
Gi government spending 
WG government wage bills 
- 
MIL 
transfers (to households) 
subsidies (to firms) 
military expenditure 
employers' social security contribution on W L 
employers' social security contribution on W S 
tax rate on government employees 
tax rate on capital income 
land tax on urban and rural land holdings 
tid indirect tax rates i 
tS,tL income tax on skilled and unskilled labor income 
Y Y 
FNC tariff rate on noncompetitive imports (1) 
FC tariff rate on competitive imports (1) 
exchange rate en (=  foreigi currency 1 
- 
F f o r e i g n  c a p i t a l  i n f l o w  
- 
F I  f o r e i g n  inves tment  
world p r i c e s  
'i 
impor t  p r i c e s  
'0 i 
P: p u r c h a s e r ' s  p r i c e  of c o m p e t i t i v e  i m p o r t s  
a i r  Ci,ciI  €Ii d i s t r i b u t i o n  p a r a m e t e r s  i n  p r o d u c t i o n  i n  CES forms 
i , i , i , p i  s u b s t i t u t i o n  p a r a m e t e r s  i n  p r o d u c t i o n  i n  CES forms 
B i  p r o d u c t i o n  e l a s t i c i t y  pa ramete r  ( o r  d i s t r i b u t i o n  
p a r a m e t e r )  i n  p r o d u c t i o n  i n  Cobb-Douglas form 
* 
a  i n p u t - o u t p u t  c o e f f i c i e n t  ( f rom s e c t o r  j t o  s e c t o r  i) j i 
ok d e p r e c i a t i o n  r a t e s  i 
e x p e c t a t i o n  a d j u s t m e n t  p a r a m e t e r s  on D ,  W ,  rE,  
Y r ~ ' Y r ~  
'i t r a n s p o r t a t i o n  mark-up r a t e s  
dS d i s c o u n t  f a c t o r  on s k i l l e d  l a b o r  wage used by 
p o t e n t i a l  m i g r a n t s  i n  m i g r a t i o n  d e c i s i o n s  
sh s a v i n g  p r o p e n s i t i e s ,  h  = household  t y p e s  o t h e r  t h a n  i 
c a p t i a l i s t s  and l a n d l o r d s  
a i , Y i j ,  B i  consumption f u n c t i o n  p a r a m e t e r s ,  i , j  - commodities 
i s u b j e c t i v e  d i s c o u n t  r a t e  o f  u rban  l a n d l o r d s  
T maintenance  c o s t  o f  u rban  hous ing  
, < e l a s t i c i t i e s  o f  t r a d e  s p e c i f i c a t i o n s  
Ti  s e c t o r - s p e c i f i c  t r a i n i n g  and h i r i n g  c o s t s  
*These a r e ,  i n  some s i m u l a t i o n s ,  endogenous.  
x  m C i , C i  c o n s t a n t s  i n  t r a d e  f u n c t i o n s  ( e x p o r t s  and competi-  
t i v e  i m p o r t s  ) 
WTi world t r a d e  
gu g r  growth r a t e s  of  urban l a b o r ,  r u r a l  l a b o r ,  and l a n d  
a r e a  
A f  r a t e  o f  f a c t o r  ( f  = KE, KC, L ,  and S )  augmenting 
t e c h n i c a l  p r o g r e s s  
'i r a t e  o f  p r o d u c t  augmenting t e c h n i c a l  p r o g r e s s  
S e c t o r  D i v i s i o n s  
1 . Manufactur ing  I 
2 .  Manufactur ing  I1 
3 .  Manufac tu r ing  I11 
4 .  C o n s t r u c t i o n  
5.  Modern S e r v i c e  
6 .  T r a d i t i o n a l  Urban S e r v i c e  
7 .  Rura l  S e r v i c e  
8 .  A g r i c u l t u r e  
9 .  Urban Housing 
1 0 .  Rura l  Housing 
P r o d u c t i o n  R e l a t i o n s  
i = 1 , 2 , 3 ,  and 5 







+ ( 1  - E i )  A Kc.'j"i 
-1 
1 
where ?means X i s  a n  ex a n t e  paramete r  and - Y means t h a t  t h e  v a r i -  
a b l e  Y i s  measured i n  e f f i c i e n c y  u n i t s .  
Ex p o s t  t echno logy  
' i v  
- 
6 i v  -aE ( t - v )  ) KE. e + 
c i v  1  
- 
' i v  
-ac ( t - v )  
+ (1  - E i v ) K C  e I" + ( 1  - mivl L. ' i v  -iv -1 
where v  = v i n t a g e  
- 
A 
' i v  n Qiv-Qi i; + ( 1  - C; 1 ( h * )  
where 
k* = t h e  e f f i c i e n t c o m 2 o s i t e  c a p i t a l  (S,KE,KC) l a b o r  r a t i o  a t  
g i v e n  f a c t o r  p r i c e  r a t i o s  and a  g i v e n  e x  ante produc- 
t i o n  f u n c t i o n .  
h* = t h e  e f f i c i e n t  s k i l l  and equipment  compos i t e  (S,KE) and 
s t r u c t u r e  c a p i t a l  (KC)  r a t i o  a t  g i v e n  f a c t o r  p r i c e  
r a t i o s  and a  g i v e n  e x  a n t e  p r o d u c t i o n  f u n c t i o n .  
s* = t h e  e f f i c i e n t  s k i l l - e q u i p m e n t  c a p i t a l  r a t i o  a t  g i v e n  
f a c t o r  p r i c e  r a t i o s  and a  g i v e n  e x  ante p r o d u c t i o n  func-  
t i o n .  
where 
n ' iv  A - ci'civ 




A ' iv  A - ci 
a i  TKR + ( 1  - $ 1  - L 
A A hr 'i 





h - 6 A 
€ s + ( 1  - c i )  K% &i i - - SKR = A A 
N - 
A l l  o f  t h e  f a c t o r  i n p u t s  (lit I%. , KC., and L .  ) a r e  e f f i c i e n t  
-1 -1 -1 
u n i t  o u t p u t  i n p u t s  of  t h e  ex a n t e  p r o d u c t i o n  f u n c t i o n  o f  s e c t o r  
i a t  t h e  t i m e  o f  i n s t a l l a t i o n .  
i = 4 ( c o n s t r u c t i o n )  
i i 1-B1-8, 
Qi = Ai (KE. -1 ) (KC. 
-1 (Li 
i = 8 ( A )  
Commodity P r i c i n g  
i = 1,2,3,  a n d  5 
L i v  ' i v  + K E i v  K C i v  + n  
p i = l  - + q i  Q c A j i  E i v  Qiv P -  i Qiv i v  + r ~ i v  Qiv j = o  j Qiv 
where 
r Eiv = (  1 - 1 tr E iv 
FNC Td P:= ( 1  + t ) Po T if noncompetitive inports 
r - VA - pi 'Qiv Eiv aKEiv 
r = P VA aQiv Civ  KC^^ 
Investment Allocation 
if competitive imports 
e 
A - ' k - i  
' k * i  e SAV 1 1 Ih j  
h  j 
i , j  = c a p i t a l  u s i n g  sectors 
k , h  = S,KE,KC 
* 
To g e t  Svi. solve f o r  e a c h  v and i 
w i t h  g i v e n  KE = KEVoif KC = KCV. 
E x p e c t a t i o n s  
- - 
Migration 
j = skilled, unskilled 
i = urban sectors 
if j = skilled 
if j = ur,s::illed 
A (-111 [ Li (-1) i (-1) + IKc i P1 (-1 KEi (-1 + Pq (-1) KC. (-1) 
1 I 
where 
Yo = average income of owner c u l t i v a t o r s  
Y~ 
= average income of peasants 
yN = average income of nonagr icu l tu ra l  r u r a l  workers 
p1 = propor t ion  of owner c u l t i v a t o r s  i n  t h e  r u r a l  populat ion 
p 2  = propor t ion  of peasants  i n  t h e  r u r a l  populat ion 
j j COL = li wi Pi j j = urban, r u r a l  
Er = expenditure of r u r a l  ag r icu l -  
t u r a l  l abor  
Vh - popula t ion  i n  income c l a s s  h 
urban popula t ion  
E~ = expenditure of income c l a s s  h  
w = consumption expenditure sha re  i 
on commodity i 
d = discount  f a c t o r  f o r  s k i l l  employment 
Household Consumption Demand ( C D )  
i = commodities (consumption durables ,  c l o t h  and c lo th ing ,  
processed foods and misscellaneous,  t r a n spo r t a t i on  and 
e l e c t r i c i t y ,  e t c . ,  o t he r  s e rv i c e s ,  a g r i c u l t u r a l  products ,  
and housing) 
h = income c l a s s e s  (urban unsk i l l ed ,  s k i l l e d ,  r u r a l  labor ,  
and landlords  and c a p i t a l i s t s )  
k 
si = savings ratio for capitalists and landlords of sector i 
Housing Market 
Demand 
i = 9 for urban 
i = 10 for rural 
where Q i l s  are total demand. 
For  u r b a n  a r e a s  
For  r u r a l  a r e a s  
Housing investment 
then investment in urban housing is made such that 
Rural housing investment 
where 
A E ~  = the increase in rural consumption 
yr = rural income 
Land Market (superscript D denotes demand) 
Government 
- + E  G: = 1 P I G i +  WG + 1 THh+ 1 Oi + MIL + GpRIV 
i h i 
r r E i v  C i v  
+ tr 1 - tri KEieV + tr 1 - tri KCieV I 
F o r e i g n  S e c t o r s  
E x p o r t  
\ J  
J e x  
EXi = Ci (.TIi (ept pr)" i  
I J o n c o m p e t i t i u e  i m p o r t s  
o r  s i m p l y  
-8 5- 
C o m p e t i t i v e  imports 
Market Clearing 
h = urban  h o u s e h o l d s  
F a c t o r  G r o w t h  
x = ( 1  + g x )  X ( - 1 )  
T e c h n i c a l  P r o g r e s s  
KE. = KE. ( - 1 )  e ' K E ~  
-1 -1 
w h e r e  
* 
APPENDIX 2 :  DERIVATION OF AIDS FUNCTION 
* * 
One t y p e  o f  PIGLOG c l a s s  p r e f e r e n c e s  i s  d e n o t e d  by t h e  
f o l l o w i n g  e x p e n d i t u r e  ( c o s t )  f u n c t i o n  
l o g  C ( U , P )  = ( 1  - u )  l o g  + u  l o g  Lb(p ) ]  
where 
u  (0  - < u  < 1 )  i s  t h e  u t i l i t y  
- - 
u  = 1  i s  t h e  u t i l i t y  o f  " b l i s s "  
u  = 0 i s  t h e  u t i l i t y  o f  " s u b s i s t e n c e "  
p  i s  t h e  p r i c e  v e c t o r  
a ( p )  , b  ( p )  are c o s t  f u n c t i o n s  o f  s u b s i s t e n c e  and  b l i s s ,  
re s p e c  t i v e l y  
1 - l o g  a ( p )  = a  + 1 a k  l o g  Pk + 7 1 1 y k j  0 l o g  Pk l o g  P k  k  j j 
l o g b ( p )  = l o g  a ( p )  + Bo Pk Bk 
k  
*An a b b r e v i a t i o n  o f  " a l m o s t  i d e a l  demand s y s t e m s . "  See  
Deaton and Mue l lbaue r  ( 1980) . 
**Muellbauer  (1974,  1 9 7 5 ) .  
From t h e  d u a l i t y  t h e o r y  (see, f o r  example ,  D i e w e r t  1974,  o r  
Shepha rd  1953)  
T h e r e f o r e  
where  
P i  = p r i c e  of good i 
4 i  = q u a n t i t y  o f  good i 
w = b u d g e t  s h a r e  o n  good i i 
Then 
BY i n v e r t i n g  C ( u , p )  , w e  g e t  u a s  a f u n c t i o n  o f  p and  t o t a l  expen-  
d i t u r e .  Then, by  s u b s t i t u t i o n ,  
z 
w = u + 1 y i j  l o g  P j  + B j  l o g  - i i j ' ind 
where  E i s  t h e  t o t a l  e x p e n d i t u r e  (= C )  a n d  
1 
l o g  Pind = a + 1 uk log  Pk + 7 1 1 Ykj l o g  Pk l o g  P 
O k  j k j 
which  i s  t h e  e q u a t i o n  i n  t h e  t e x t .  
APPENDIX 3: A WAY OF INCORPORATING URBAN RENT GRADIENTS 
I n  t h i s  a p p e n d i x  w e  examine how w e  c o u l d  i n c o r p o r a t e  a  non- 
z e r o  u r b a n  r e n t  g r a d i e n t .  T h i s  would i n c r e a s e  t h e  c o m p l e x i t y  
v e r y  much, and n e e d s  more u n r e a l i s t i c  a s s u m p t i o n s .  T r a d e - o f f s  
between t h e  p o t e n t i a l  b e n e f i t s  and c o s t s  s h o u l d  b e  e v a l u a t e d  
c o m p l e t e l y .  A b r i e f  d e s c r i p t i o n  o f  what  c o u l d  b e  done f o l i o w s :  
Assumptions 
1 .  Same u t i l i t y  f u n c t i o n  f o r  e a c h  u r b a n i t e .  ( F o r  e x p o s i -  
t i o n  a  Stone-Geary u t i l i t y  f u n c t i o n  is  u s e d . )  
2 .  Monocen t r i c  c i t y  ( o n e  CBD - c e n t r a l  b u s i n e s s  d i s t r i c t ) .  
3 .  13omogeneous and p l a i n  topography .  
4 .  Community c o s t  t o  CBD known and c o n s t a n t .  
5 .  A l l  employed i n  CBD. 
Then, a n  u r b a n i t e  maximizes h i s  o r  h e r  u t i l i t y  f u n c t i o n  ( u )  
s u b j e c t  t o  t h e  b u d g e t  c o n s t r a i n t :  
n+2 
Max U = m lnd + ml ln QHU 
0 
+ mi ln Ci 
i=2 
where the variables are 
Q~~ = 
quantity of urban housing (HU) 
d = distance from CBD 
k = cost of commuting to CBD per unit of distance 
m (i=O, ..., n+2) = constants i 
Ci = consumption of non-housing good i 
From the production function of urban housing service, 
and 
I4ax U = mo ln d + m1 [In aHU + gH l n ~ ~ ~ +  (1 - 6 H 
If we assume r is not related with the distance from CBD HK 
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(X = Lagrangean  m u l t i p l i e r )  
From t h e  b u d g e t  c o n s t r a i n t  
* * 
k 
k + x H U  r' H  X ) = ,'?id 
* ' ( p r i m e )  means p a r t i a l  d e r i v a t i v e .  
* * 
From, 
which g i v e s  t h e  s o l u t i o n  f o r  A: 
* 
r '  = ( r e n t  g r a d i e n t )  HK 
Demand f o r  o t h e r  goods 
C = J j n+2 ( 1  m i )  j i = 1  
Therefore ,  i n  t h i s  s p e c i f i c a t i o n  of u t i l i t y ,  t h e  r i c h e r  have t o  
l i v e  f u r t h e r  away from t h e  CBD t han  t h e  poor people ,  because t h e  
r i c h e r  have a  f l a t t e r  r e n t  g r a d i e n t  than  t h e  poorer ( r e c a l l  
3 
r~~ 
< 0) . Thi s  may be a  drawback o f  t h e  model. 
Total Urban Demand (TUD) 
TUD m, gH (y - kd) 1i HU n+2 dd 
r mi 
"K i=l Y = Y, 
where K is the distance from CBD, where 
and b is the distance from CBD to the city border. Income of un- 
skilled and skilled urban labor are yU and y s ,  respectively. 
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